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FURTHER OBSERVATIONS ON PHYSIOLOGICAL 
ANTIOXIDANTS 


By PAUL GYORGY ann RUDOLPH M. TOMARELLI* 


' (From the Babies and Childrens Hospital, and the Department of Pediatrics, School 
of Medicine, Western Reserve University, Cleveland) 


(Received for publication, February 25, 1944) 


The study of antioxidants has only recently been applied to physiologi- 
cal reactions as they occur in vivo. a-Tocopherol, the most extensively 
investigated of these compounds, has been demonstrated to protect caro- 
tene in the intestine from the destructive action of oxidizing fat (1-3) and 
evidence has been presented that this vitamin might act under special 
conditions as a regulator of tissue oxidation (4). Soon after their dis- 
covery of natural antioxidants, the inhibitols, Olcott and Mattill found 
that the antioxygenic activity of these compounds for vegetable fats can 
be reinforced by additional acidic antioxidants (5). An example, possibly 
of physiological significance, was the enhancement of the antioxygenic 
activity of a-tocopherol by ascorbic acid (6). In the complex system of 
the animal body it seems more probable that inhibition of fat oxidation 
would be the result of the synergistic action of several factors rather than 


of a single entity. Such a synergism of antioxidants appears to play a 
réle in the antioxygenic reactions involved in the production of malignant 
hepatoma in rats by feeding the dye, N,N-dimethylaminoazobenzene, 
commonly called butter yellow. 


Antioxidant Activity of Butter Yellow 


In a series of nutritional experiments on the relationship of diet to the 
production of cancer by butter yellow, it was found that malignant hepa- 
toma would occur in rats upon the ingestion of butter yellow in a synthetic 
diet, provided the fat intake is kept low, or with a high fat ratio in the diet, 
provided the fat constituents were Crisco or butter fat with a relatively 
lew percentage of unsaturated fatty acid (7). If lard was used, cancer 
was prevented but the protective effect of lard could be overcome by the 
inclusion of rice (especially unpolished) in the diet. Jn vitro experiments 
demonstrated that linoleic acid, the chief unsaturated fatty acid of lard, 
when it became rancid destroyed butter yellow, presumably as a result of 
coupled oxidation. Brown rice (and to a smaller extent polished rice) 
prevented the oxidation of linoleic acid and consequently preserved the 
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butter yellow. In view of these results it was concluded that Crisco, 
butter fat, and rice, which might have a procarcinogenic effect, when fed 
with butter yellow, do so by stabilization of the carcinogenic dye either by 
reducing the content of unsaturated fatty acids in the diet or through a 
direct antioxygenic effect. The stabilization or its reverse, the destruc- 
tion of the dye, takes place either in the food mixture itself or during the 
passage of food through the gastrointestinal tract. This second possibil- 
ity is especially important, because it points to reactions and mechanisms 
of purely physiological nature. If rancidity of the food mixture alone 
would determine the anticarcinogenic effect of butter yellow, no great 
importance could be attached to its réle in the production of cancer by 
butter yellow. This fact should be emphasized especially in view of 
possible misunderstanding (8) and of the finding that in the use of food 
mixtures containing large amounts of lard the anticarcinogenic effect was 
fully discernible in spite of complete absence of rancidity. 

In previous experiments (7) results were obtained which indicated that 
butter yellow itself possessed antioxidant activity. A diet low in casein, 
containing linoleic acid and butter yellow, proved to be toxic to rats al- 
though in no cases were hepatomata found. The rats fed the linoleic acid 
ration lost weight rapidly, became infested with pediculi, and developed 
marked progressive anemia usually accompanied by leucopenia. This 
toxicity was believed to be caused by the oxidation products of linoleic 
acid, a belief shared by Burr and Barnes (9) who recently reported similar 
anemia in rats fed rancid lard. Removal of the butter yellow from the 
diet resulted in an increase in the severity of symptoms. This observa- 
tion might be explained by the assumption that butter yellow possesses 
antioxygenic activity. Rusch and his coworkers, studying the relation- 
ship of chemical nature to biological response in a number of carcinogens, 
found that butter yellow did not retard the autoxidation of cod liver oil 
or corn oil, but it inhibited the oxidation of benzaldehyde (10) and that of 
phospholipids in the presence of ascorbic acid as catalyst (11). Ina recent 
study of natural antioxidants in sources of the vitamin B complex, activity 
was measured by the decrease in the iodine number and by the time re- 
quired for the linoleic acid after it became rancid to decolorize a definite 
amount of butter yellow (12). Butter yellow was part of the system to be 
used for the assay of added antioxidants. The possibility that butter 
yellow itself exerts antioxidant activity and the physiological significance 
of such action warranted further investigation. 


Experimental Methods and Results 


The methods employed in this study have been described in the previous 
paper (12). 8.4 gm. of corn-starch were mixed with 1.6 gm. of linoleie 
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acid.' Butter yellow when added was dissolved in linoleic acid. This 
system was allowed to undergo oxidation at 30°, the O2 uptake being 
followed by the decrease in the iodine number. The destruction of butter 
yellow was measured colorimetrically in chloroform extracts. 

The corn-starch-linoleic acid system, with or without butter yellow, 
proved to be, as in the previous studies (12), a valuable and simple ap- 
proach to the quantitative measurement of antioxidant activity. The 
results could easily be repeated and, although the absolute figures for io- 
dine number or for the concentration of butter yellow varied slightly in 


TABLE I 


Anttoridant Activity of N,N-Dimethylaminoazobenzene (Butter Yellow) 


2nd day 3rd day 4th day Sth day 8th day 2ist day 


Composition of assay é 2 2 = 2 3 
mixture per gm. BE ey Sg Sg ne De 
o . o. bog BPP “ o . : o % : 
sh) 2 |gh) 2 gk) 2 Sk) 2 lek! 2 ise) 2 
a ~ |e mm «| - 2 — |e ie = 
mg g meg. me me ms 
(1) 0.84 gm. corn- 
starch + 0.16 
gm. linoleic 
acid 127.2 91.2 72.7 56.3 
(2) (1) + 0.6 mg. but- 
ter yellow.......'0.50)131.50.31100.50.14'82.00.06 55.9 
(3) (1) + 1.0 mg. but- 
ter yellow . ./0.95)132.7 0.18) 56.90.09) 42.8 
(4) (1) + 2.5 mg. but- 
ter yellow... 132.8 1.3 124.3,0.72) 67.3)0.44) 44.3 
(5) (1) + 5.0 mg. but- 
133.0 5.1 133.1/4.8 |131.6/4.5 (136.9 


ter yellow... 





duplicate experiments, the results were sufficiently quantitative to warrant 
unequivocal conclusions. Negative controls, i.e. corn-starch-linoleie acid 
mixture without further supplement, and positive controls, 7.e. corn- 
starch-linoleic acid mixture plus antioxidant compound of known potency, 
accompanied each experiment. One special advantage of the corn-starch- 
linoleic acid system over the usual procedures of measurement of antioxy- 
genic activity is that it is carried out at room temperature up to 30°. 

The results of experiments presented in Table I demonstrate that the 
antioxygenic activity of butter yellow is not to be neglected. To be sure, 
at the level (0.6 mg. per 1 gm. of the starch-linoleic acid mixture) at which 


1 “Linoleic acid, refined light,’’ from the Glyco Products Company, Inc., Brooklyn, 
New York. The iodine number of the different lots varied from 126 to 140. 
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butter yellow was employed in the previous studies as an indicator of ran- 
cidity, no definite inhibition of rancidity could be found. However, with 
higher doses the antioxygenic activity of butter yellow became distinctly 
manifest. To secure complete protection for the 21 days of the experi- 
mental period, 5.0 mg. of the dye per gm. of mixture were necessary, 2.5 
mg. offering only moderate protection to the 21st day. When compared 


TaBLe II 
Activity of Butter Yellow in Conjunction with Other Antioxidants 
-~ 


‘ 5th day 8th day 2ist day 
a Composition of assay mixture per gm. Butter | Butter Butter “a 
ment yellow | I No. | yellow | INo. | yellow! I No. 
per gm. per gm per gm. 
meg. mg. meg. 
A (1) 0.84 gm. corn-starch + 0.16 gm. 61.4 
linoleic acid 
(2) (1) + 0.6 mg. butter yellow 0.09 68.2 
B (3) (1) +1.0 “ hydroquinone 97.3 53.5 40.2 
(44) (1) +10 “ - 0.55 | 118.4) 0.26 88.1 0.07 40.5 
+ 0.6 mg. butter yellow 
C (5) (1) + 2.0 mg. hydroquinone 104.5 65.8 43.8 
(6) (1) +20 “ 0.54 | 135.8) 0.56 | 127.2) 0.50 | 124.8 
+ 0.6 mg. butter yellow 
D (7) (1) + 2.0 mg. a- tocopherol 126.9 96.9 39.5 
(8) (1) +2.0 “ 0.60 | 136.7) 0.11 85.7; 0.08 43.5 
+ 0.6 mg. butter yellow 
E (9) (1) + 5. : mg. a-toc opherol 116.4 110.9 35.8 
(10) (1) + 5 “te 0.59 | 128.1) 0.27 | 110.9) 0.08 45.7 
+ 0.6 mg. 5 a yellow 
F (11) (1) + 0.01 ec. rice bran extract 108.1 55 40.4 
(12) (1) +001 ** ‘ * o 0.47 | 132.2) 0.25 | 113.7; 0.08 | 51.1 
+ 0.6 mg. butter yellow 
G (13) (1) + 0.05 ee. rice bran extract 99.9 70.4 44.8 
(14) (1)+005 “ “ * 0.59 | 134.1) 0.55 | 120.2) 0.60 | 124.0 


+ 0.6 mg. butter yellow 


with the classical antioxidants, hydroquinone and a-tocopherol (Assay 
Mixtures 5, 7, and 9 of Table II), it is apparent that in this mixture the 

varcinogenic dye has an activity greater than that of a-tocopherol and 
about equal to that of hydroquinone. 

In Table II data are presented on a study of the synergistic action of 
butter yellow with several typical antioxidants. Hydroquinone was se- 
lected as characteristic of the phenolic type, a-tocopherol as an inhibitol, 
and aqueous extract of rice bran as the most potent of natural antioxidants 
in sources of the vitamin B complex. 
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From these investigations it became apparent that while butter yellow 
acts synergistically with either hydroquinone or rice bran extract it does 
not do so with a-tocopherol. Whereas 0.6 mg. of butter yellow per gm. 
alone offers no protection to the oxidation of linoleic acid (Experiment A), 
in the presence of 2.0 mg. of hydroquinone per gm., which has little activity 
alone, complete protection is found at the 21st day of the experiment (Ex- 
periment C). Similarly the antioxygenie activity of rice bran extract is 
greatly enhanced by the addition of 0.6 mg. of butter yellow pergm. With 
0.05 ce. of the rice bran extract per gm. the iodine number of the linoleic 
acid decreased to 108.1 by the 5th day; the addition of 0.6 mg. of butter 
yellow per gm. afforded a mixture with complete protection up to the 21st 
day (Experiment G) and according to previous studies (12) up to 5 months 
and longer. The combination of butter yellow and rice bran extract con- 
stitutes a remarkable example of antioxygenic synergism. 


DISCUSSION 

In the production of liver cancer by feeding rats butter yellow the high- 
est incidence has always been obtained with a. diet containing brown rice. 
The postulation that the water-soluble antioxidant of brown rice is responsi- 
ble for this procarcinogenic action (7) must now be amplified with the 
newer knowledge that the antioxygenic activity of the factor (or factors) 
in brown rice is greatly enhanced by the presence of butter yellow. Butter 
yellow in conjunction with the antioxidants of the rice inhibits the oxida- 
tion of unsaturated fat and consequently preserves the carcinogenic dye 
so that it may be carried intact to the liver cells. 

Sugiura and Rhoads (13) in an attempt to isolate the procarcinogenic 
factor of brown rice fed rats an ether extract of whole rice. Contrary to 
their expectations, this fraction decreased the incidence of liver cancer, a 
result which may now be attributed to the unsaturated fat content of the 
rice oil. The fact that the tocopherols present in such rice oil were with- 
out any procarcinogenic activity is in good accord with the in vitro ex- 
periments reported in this paper, showing the inability of a-tocopherol, 
with or without butter yellow, appreciably to retard the oxidation of 
linoleic acid. 

Inhibition of Enzymatic Oxidation of Linoleic Acid 

In the regulation of physielogical oxidition prooxidants will undoubtedly 
play as important a réle as antioxidants. The enzyme lipoxidase is a 
special example of factors which promote and accelerate the oxidation of 
unsaturated fat. Lipoxidase activity has been demonstrated in the past 
in a number of plant sources. Recently Hove (14) reported the presence 
of lipoxidase in mammalian tissue, in particular in aqueous extracts of 
minced stomach and liver of rats. 
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The inhibition of fat oxidation by antioxidants besides being a direct 
action consisting mainly in the prevention of peroxide formation might also 
result from inactivation and neutralization of prooxidant activities, such as 
for instance copper ions, etc. On the basis of these and similar considera- 
tions a number of antioxidants known to be effective in the corn-starch- 
linoleic acid mixture were studied concerning their effect on the oxidation 
of linoleic acid catalyzed by lipoxidase. 


Experimental and Resulis 

The effect of antioxidants on fat oxidation catalyzed by lipoxidase was 
studied by a measurement of the rate of disappearance of color from a 
linoleic acid-carotene solution. This method with minor variations has 
been used by a number of workers (15-17). The reaction mixture em- 
ployed in this study was essentially that of Sumner and Sumner (15). 
The following components, in the order given, were introduced into a 500 
ec. flask: 0.175 mg. of crystalline carotene (S. M. A. Corporation) in 5 
ec. of acetone; 2.5 mg. of linoleic acid in 5 ce. of acetone, the antioxidant 
in 1 ee. of acetone, 5 cc. of phosphate buffer (pH 6.5); 100 ec. of distilled 
water and 0.2 to 0.5 cc. of enzyme preparation (2.5 per cent aqueous ex- 
tract of ground defatted soy bean). With these proportions a stable 
clear yellow solution was obtained. The flask was agitated by a me- 
chanical shaker which was halted at various intervals to permit the with- 
drawal of 10 cc. of the reaction mixture. This was quickly pipetted into 
0.5 ec. of concentrated hydrochloric acid which inactivated the enzyme. 
The color of the mixture was determined by a Klett-Summerson photo- 
electric colorimeter with a blue filter (No. 42). The time required for 50 
per cent decolorization served as an index of the rate of carotene destruc- 
tion through the oxidized linoleic acid. The ratio of this value in a reac- 
tion mixture containing an antioxidant to that of a control (acetone blank) 
gave an expression of the inhibitory activity of the antioxidant. The 
results obtained with a number of compounds of known antioxidant ac- 
tivity are presented in Table III. Each value represents an average of 
three or four determinations. The amount of enzyme preparation used 
was such that the 50 per cent decolorization time fell between 200 and 400 
seconds. 

Of the compounds studied only a-tocopherol has shown appreciable 
inhibitory action. Approximately the same effect was had with 0.1 mg. 
of a-tocopherol as with 100 times as much hydroquinone or 50 times as 
much of the phenyl ether antioxidants. Butter yellow at a level of 0.1 
mg. was not inhibitory; higher concentrations could not be tested because 
of interference by the color of the dye. The addition of rice bran extract 
to the reaction mixture produced stable emulsions which prevented colori- 
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metric determination. With the exception of a-tocopherol, diphenylamine 
was the only other of the compounds tested that exerted a definite in- 
hibition. The action of diphenylamine may be due not to an inhibition 
of the oxidation of linoleic acid and the consequent preservation of carotene 
but to a direct protection of the carotene by the amine. Williams, Bickoff, 
and Van Sandt (18) have found that of about 100 compounds tested 
diphenylamine was the best in preventing the oxidation of carotene when 
present in the stable medium of mineral oil. 

It should be pointed out that, whereas for the corn-starch-linoleic acid 
and butter yellow mixture hydroquinone was found to be a satisfactory 
antioxidant and a-tocopherol a weak one (Table I), the reverse was true 
when they were used in the lipoxidase-linoleic acid-carotene mixture 


Tasie III 
Effect of Antioxidants on Enzymatic Oxidation of Linoleic Acid 











| Ratio of 50 Ratio of 50 








| percent | | per cent 
Antioxidant a Antioxidant | yd 
| to that of | to that of 
| control | control 
1 mg. hydroquinone 1.4 0.04 mg. a-tocopherol | 1.0 
-* “ RB LG + y | 2.3 
_ » b All 0.4 * - 8.4 
-™ * es 2.4 |5 ‘‘ diphenylamine | 3.9 
5 “© methyl ether of hydroqui- 1.8 5 3 * | 4.4 
none |0.1 “ butter yellow 1.2 
5 “ benzyl ether of hydroqui- 1.6 | 
none | 
5 ‘‘ p-hydroxydiphenyl ether 1.9 


5 ‘* 4,4’-dihydroxydiphenylether, 1.6 





(Table III). This difference became even more distinct with the benzyl 
ether of hydroquinone in place of the free hydroquinone. Benzyl ether of 
hydroquinone and, to a lesser degree, methyl ether of hydroquinone, as 
well as p-hydroxydiphenyl ether and 4,4’-dihydroxydiphenyl ether, are 
excellent antioxidants when used in the linoleic acid-corn-starch system 
with and even without butter yellow,? but are much weaker antioxidants 
than a-tocopherol in the lipoxidase system. 


SUMMARY 


1. N,N-Dimethylaminoazobenzene (butter yellow) possesses consider- 
able activity in retarding the autoxidation of linoleic acid. 


? Unpublished experiments in collaboration with M. B. Williamson (19). 
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2. Butter yellow acts synergistically in enhancing the antioxidant ac- 
tivity of rice bran extract or hydroquinone but is ineffective with a-toco- 
pherol. 

3. Of a number of antioxidants tested only a-tocopherol exerted any 
appreciable inhibition to the oxidation of linoleic acid (and carotene) 
catalyzed by the enzyme soy bean lipoxidase. Diphenylamine displayed a 
slight action, while hydroquinone, methyl and benzyl ethers of hydro- 
quinone, diphenyl ethers, and butter yellow gave no inhibitory effect. 
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THE DIRECT DETERMINATION OF 5-KETO-p-GLUCONIC 
ACID 


By WALTER E. MILITZER 
(From the Avery Laboratory of Chemistry, University of Nebraska, Lincoln) 


(Received for publication, April 3, 1944) 


No methods have been available for the direct determination of 5-keto-p- 
gluconic acid in the presence of other sugars. Those employed thus far 
have depended on polarimetric changes and differences in the reduction of 
hot alkaline copper reagents. Stubbs, Lockwood, et al. (1) used the 
Shaffer-Hartmann reagent to determine this acid in fermentations, but the 
analysis was based on the absence of glucose and similar compounds. Io- 
dine consumption in alkaline solution (which determines total aldose con- 
centration) plus a total copper reduction method is not advisable, because 
5-keto compounds react somewhat with alkaline hypoiodite. 

We have found that the rate of reaction between 5-keto-p-gluconate and 
cold Benedict’s reagent can be used to determine this sugar quantitatively 
in the presence of a variety of other compounds. Glucose, galactose, 
mannose, fructose, 2-keto-p-gluconie acid, and other common saccharides 
interfere only when present in high quantities. The presence of salts, like- 
wise, can be tolerated in considerable concentration. 

t-Ascorbic acid and its oxidation products, dehydroascorbic acid and 
2,3-diketo-L-gulonic acid, as well as compounds of similar structure, also 
reduce cold copper reagents. They must be absent or removed in the deter- 
mination of 5-keto-p-gluconic acid. 


Procedure 


Reagents— 

1. Benedict’s quantitative reagent, with modifications, as follows: copper 
sulfate pentahydrate, 18.0 gm.; sodium carbonate, anhydrous, 150.0 gm.; 
potassium citrate, 200.0 gm.; potassium thiocyanate, 125.0 gm.; potassium 
ferrocyanide, 5.0 ml. of a 5 per cent solution. The salts are dissolved in 
water and made up to 1 liter. The reagent should be allowed to stand for 
several days before use and then decanted from any precipitate which may 
arise. 

2. Standard solution of 5-keto-p-gluconic acid. 2.5000 gm. of calcium 
5-keto-p-gluconate (8.50 per cent calcium) are warmed slightly with 0.7500 
gm. of oxalic acid dihydrate dissolved in 20 to 30 ml. of water. After the 
calcium oxalate is filtered off, the volume is made up to 50 ml. in a volu- 
metric flask with water. From this standard, various dilutions can be 
made. The standard is stable for at least 5 to 6 weeks in the ice box. 
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326 5-KETO-D-GLUCONIC ACID 


3. Standard solution of sodium 5-keto-p-gluconate. This standard is 
made up the same as the acid standard, except that a neutralization with 
sodium bicarbonate precedes the dilution to 50 ml. The amount of bicar- 
bonate should always be calculated accurately from the quantity of oxalic 
acid used in decomposing the calcium salt. 

4. Comparison tubes. Test-tubes 5 by 1 inches are coated on the 
outside with white enamel up to a height of 2 inches from the bottom. 

All solutions are brought to 25° in a constant temperature bath before use 
and are held at that temperature throughout the determination. 

5 ml. of Benedict’s reagent are placed in the comparison tubes and held 
in the temperature bath. Then 5 ml. of the standard (or solution to be 
tested) are pipetted into the reagent which is shaken to provide uniform 
agitation during this operation. The time necessary for the complete 
disappearance of the blue color is determined with a stop-watch, in which 
the starting time is taken as the first moment during which pipetting of 
solution into the reagent begins. 

For maximum accuracy the time for pipetting the solution into the re- 
agent should be between 15 and 20 seconds. 


Resulls 


The times required for the complete reduction of solutions containing 
various concentrations of 5-ketogluconate are given in Table I. When the 
times are plotted against concentration, Curve A of Fig. 1 is the result. 
From this curve the concentration of unknown solutions may be obtained 
by interpolating from the time of reduction of a known dilution. 

The reduction times as shown in Table I can be duplicated within 5 see- 
onds on duplicate samples from the same solution. The accuracy, of 
course, depends upon the operator’s ability to see the disappearance of the 
blue copper color. For this reason it is necessary for each individual to 
establish his own curve to avoid errors in personal differences. Like all 
Benedict’s reagent, each new solution must be standardized. 

The reduction of 5-ketogluconic acid is little affected by the presence of 
other compounds of common origin. Glucose, which does not reduce the 
reagent in 24 hours, has no effect on the determination unless present in 
very large quantities. In Table II the action of glucose, as well as of some 
other monosaccharides, on the determination of 5-ketogluconic acid is 
shown. At a concentration of 50 mg. per ml. of glucose the time of redue- 
tion is hastened only 14 seconds from its previous value of 15 minutes and 4 
seconds. Other monosaccharides, aside from fructose, have approximately 
the same effect as glucose and can be present in high concentrations without 
causing much difficulty. It will be noted, however, that fructose in 
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amounts of 50 mg. per ml. causes an error which hastens the time of reduc- 
tion sufficiently to give an error of 10 per cent in the figure for 5-keto- 
gluconic acid. This effect, obviously, becomes less with lower concentra- 
tions of fructose; in 25 mg. per ml. the error is practically negligible. An 
explanation of the fructose anomaly cannot be given as yet. 


TABLE I 
Reduction of Cold Benedict’s Reagent by 5—Ketogluconate 














5-Ketogluconate calculated as calcium salt Time of reduction 
4 meg. pen mil. : min. sec. 
50.0 7 16 
40.0 | 9 0 
30.0 11 30 
27.5 | 12 40 
25.0 14 10 
22.5 15 30 
20.0 17 50 
17.5 20 30 
15.0 24 20 
10.0 41 0 
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Fic. 1. The reduction time-concentration curves of 5-keto-p-gluconate (Curve 
A), 5-keto-p-gluconic acid (Curve B), 5-keto-p-gluconic acid contaminated with 
saccharic acid (Curve C), and an unknown compound (Curve D). 


Special note should be made of 2-keto-p-gluconic acid' which because of 
its similarity to the 5-keto acid could be expected to lead to interference. 
The 2-keto acid, however, does not reduce the reagent, except on standing 


1 Supplied through the courtesy of Dr. C. L. Mehltretter, Northern Regional Lab- 
oratory. 
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with it for long periods of time, nor does it affect the time of reduction of 
5-ketogluconic acid. The data of Table II show this clearly. The reduc- 
tion toward cold Benedict’s reagent represents, therefore, a distinct differ- 
ence between these two acids and can be used as a means of determining 
one in the presence of the other. 

Salts such as sodium chloride, sodium nitrate, sodium sulfate, sodium 
nitrite, and potassium chloride when present in concentrations as high as 
50 mg. per ml. do not change the time of reduction of 5-ketogluconic acid 
and consequently introduce no error in the determination. This is partic- 
ularly significant when solutions containing mineral acids are neutralized 
preparatory to the determination. 

TaB_e II 


Effect of Glucose and Other Monosaccharides on Cold Reduction of 5-Ketogluconic Acid 
(25.0 Mg. per M1.) 


Concentration* 


Sugar — Time of reduction calculated from 

reduction 

meg. per ml min. se mg. per ml 
cokincnesuéméwneakes 50 14 50 25.5 
Mannose. . ais vion # 50 14 32 26.0 
Galactose saee 50 14 50 25.5 
Fructose ; hid 50 13. 40 27.! 
as zis wd 25 14 50 25.5 
2-Ketogluconate 50 15 0 25.0 
1, 4 25.0 


* Values referred to Curve B, Fig. 1. 


The reagent as here employed is not reduced by the common monosac- 
charides and 2-keto-p-gluconic acid nor by such molecules as uronic acids, 
pyruvic acid, levulinic acid, formic acid, formaldehyde, acetaldehyde, and 
amino acids. In the presence of these 5-ketogluconic acid can be deter- 
mined readily by diluting the neutralized solutions to a standard volume 
and obtaining the concentrations from Curve A. 

There are, of course, compounds other than 5-ketogluconic acid which 
show a marked reducing action toward cold Benedict’s reagent. Those of 
which we are certain are enediols, such as L-ascorbic acid, and their oxida- 
tion products. Of these dehydroascorbie acid and 2,3-diketo-L-gulonic 
acid reduce readily. The presence of compounds of this nature canbe 
detected easily by suitable qualitative tests (2-4). The enediols can be 
oxidized with iodine without affecting 5-ketogluconic acid; but the resulting 
oxidation products cannot be obviated quite so readily. They are sus- 
ceptible to heat and their concentration can be determined in the presence 
of 5-keto acid by a procedure which will be reported in another publication. 
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The determination of 5-ketogluconic acid in the presence of compounds 
like dehydroascorbic acid is naturally obscured by their reducing action. 
Nevertheless, we have found the reduction times of such composite solu- 
tions to be of considerable value in following the progress of certain oxida- 
tions. For instance, in the nitric acid oxidation of gluconic acid (and glu- 
cose) progress of the reaction was followed by removing 5 ml. of the solution 
at frequent intervals, neutralizing with sodium bicarbonate, diluting to 50 
ml., and determining the reduction time. In Table III some typical 
results are shown for gluconic acid. The oxidation for glucose runs a 
similar course. 

It will be noted that two curves, A and B, are given in Fig. 1. Curve A 
is the time-concentration curve for solutions which have been neutralized 
before the determination, while Curve B represents the curve for solutions 














TaBe III 
Reduction of Solutions Obtained from Nitric Acid Oxidation of p-Gluconic Acid 

Reaction sampled Time of reduction 
Ars. 
16 No reduction 
18 3.75 hrs. 
19.5 17 min. 30 sec. 
20.25 ii: a. * 
21.75 - =, ane 
23 a . o> 
40 S - Oar 
91 1 “ 5“ 





of the free acid which are employed without prior neutralization. Curve A 
is used for complex solutions in which one does not effect a preliminary 
isolation of the acid, as in the oxidation of glucose by microorganisms or by 
nitric acid. Curve B, on the other hand, has been most useful in analyzing 
the salts of acids which are isolated from reaction mixtures. Almost 
invariably we have isolated our acids as the calcium salts. These are 
decomposed by oxalic acid and allowed to remain as the free acids, because 
the free acids are much more stable in acid solution than in neutral or alka- 
line conditions. We have kept refrigerated solutions of 5-ketogluconic 
acid for months without deterioration. 

The differences in Curves A and B arise from the fact that the reduction 
velocity of the cold copper reagent is intimately associated with the concen- 
tration of sodium carbonate. Hence, when a solution of the free acid is 
added, part of the sodium carbonate is removed through the ensuing neu- 
tralization. The decrease in alkalinity lengthens the time of reduction. 
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The two curves meet obviously when the concentration of acid is small, 
and a negligible diminution in alkali results. 

The following result shows the effect of sodium carbonate concentration 
on the reduction time of a solution containing 5-ketogluconic acid. The 
reduction time with the normal reagent was 8 minutes, 30 seconds, which 
corresponds to a concentration of 50 mg. per ml. When in addition 25 mg. 
of sodium carbonate per ml. were added to the reagent, the time was re- 
duced to 7 minutes, 33 seconds. Because of this dependence on alkalinity 
we have always kept constant the ratio of oxalic acid to calcium salt when 
making up solutions to be run according to Curve B. 

In addition to giving quantitative results the time reduction curve of a 
compound can also be used as a qualitative means of identification. Ina 
preparation in which 5-ketogluconic acid is solely the reducer present, the 
curve will be similar to, or identical with Curve A or B, depending on the 
conditions employed. An example of this situation is given by Curve C 
in Fig. 1 in which a calcium salt contaminated with saccharate was run. 
Curve C fits the portion of Curve B between concentrations of 10 to 30 
mg. perml. On the other hand, a calcium salt isolated from the oxidation 
of galactose gave a curve represented by Curve D. The nature of this salt 
is still being investigated. As yet it is impossible to draw a definite conclu- 
sion regarding keto acids other than 5-ketogluconic, but we feel safe in 
assuming that their reduction curves will not be homologous with Curve 


A or B. 


SUMMARY 


A method for the determination of 5-keto-p-gluconic acid has been given 
in which the rate of reaction with a modified Benedict’s reagent at 25° is 
employed. pv-Giucose, 2-keto-p-gluconic acid, and other monosaccharides 
do not interfere with the determination, nor do sodium chloride, sodium 
sulfate, sodium nitrite, and potassium chloride. 

The reagent is not reduced by formaldehyde, acetaldehyde, formic acid, 
pyruvic acid, levulinic acid, and uronic acids. 
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AMINO ACID NITROGEN CHANGES IN SHOCK 
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In 1943 Engel, Winton, and Long (1) reported profound changes in the 
amino acid nitrogen of blood in hemerrhagic shock. According to these 
workers the changes were due primarily to a decrease in hepatic function 
resulting from anoxia. Secondary effects of anoxia on the peripheral tis- 
sues caused an enhanced rate of protein breakdown there and contributed 
to the picture of rising amino acid nitrogen. In subsequent papers by 
Russell, Long, and Engel (2) and by Engel, Harrison, and Long (3) it was 
shown that there was an increase in peripheral protein metabolism in ani- 
mals following hemorrhage and that the products of this metabolism accu- 
mulated either because they were not circulating through the liver suffi- 
ciently rapidly or because with continued anoxia the hepatic parenchyma 
was damaged and could not dispose of the amino acid. 

In the present communication data are presented which indicate that 
anoxic peripheral tissues contribute amino acids to blood, and that this 
may lead to a general elevation of the plasma amino acid level. 


Material and Methods 


Dogs were anesthetized by sodium pentobarbital, and shock was pro- 
duced by the application of pneumatic pressure cuffs to both hind limbs. 
The cuffs were left in position for a period of 5 hours and the pressure in the 
cuffs was maintained at about 230 mm. of Hg. Controls were anesthetized 
for the same length of time as the test animals. On removal of the cuffs 
the animals went into shock. The blood samples studied were a brachial 
vein sample obtained before anesthesia and several postanesthetic samples 
from femoral vein, femoral artery, jugular vein, and sometimes carotid 
artery. 

Shock was produced in rats by clamping the two hind legs (Haist and 
Hamilton (4)). 3 to 4 hours after the clamps were removed, the animals 
were killed by stunning and a blood sample removed from the abdominal 
aorta. Control animals were fasted for the same period as the test animals 
but did not have their legs clamped. 

All amino acid determinations were carried out on tungstic acid filtrates. 
Danielson’s (5) modification of the Folin colorimetric method was employed 
for the majority of the determinations (studies of fourteen dogs and 58 
rats). The method was adapted to the photelometer, with a Cenco No. 1 
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blue filter (transmitting light of wave-length 400 mu). Since the dye used 
in the reaction is not entirely specific for amino acids, a comparison of this 
method with the ninhydrin manometric method of Van Slyke e# al. (6) was 
attempted (studies on four dogs). 

For the majority of the dogs of this series the non-protein nitrogen of the 
plasma was also determined. The micro-Kjeldahl technique was em- 
ployed. These data are not set forth in detail, since non-protein nitrogen 
changes in shock have been described so often by others. However, they 
deserve a brief reference, since they add somewhat to the general picture. 
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Fic. 1. Amino acid nitrogen (left) and non-protein nitrogen (right) changes for 
different control dogs (upper) and those in shock (lower). For amino nitrogen, 
broken lines indicate manometric, and solid lines colorimetric determinations. 


Resulis 


Changes in Control Dogs—Crismon et al. (7) found that pentobarbital 
produced a mean lowering of 1.7 (+0.3) mg. per cent in the blood amino 
acid nitrogen of dogs. Our findings are in agreement (Fig. 1). The amino 
acids fell rapidly at first, then more slowly for a period of from 5 to 8 hours. 
After that there was a tendency to return toward normal, although in one 
dog the amino acid nitrogen values were below normal even after 11 hours 
of anesthesia. 

It was not deemed necessary to follow more than three dogs for pro- 
longed periods of anesthesia, since the initial 5 hour period of cuff applica- 
tion in the test animals forms an anesthetic control in itself. The mean 
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lowering of plasma amino acid nitrogen produced by 5 hours of anesthesia 
in twenty-five dogs was 1.1 mg. per cent. The mean preanesthetic value 
for these dogs was 4.9 mg. per cent. 

That the anesthetic alone has little or no effect on the plasma non-pro- 
tein nitrogen is shown in Fig. 1. 

Changes in Dogs in Shock—Changes in plasma amino acid nitrogen and 
non-protein nitrogen values in dogs in shock are also shown in Fig. 1. In 
both cases the nitrogen values rise precipitously after removal of the pres- 
sure cuffs. 

The general rise in amino acid nitrogen for eight dogs, as shown by jugu- 
lar vein plasma, amounts to an increase of 68.6 per cent over preanesthetic 
values, or 3.6 mg. per 100 ce. The local rise, as shown by femoral vein 
plasma, is more than 100 per cent or 5.5 mg. per 100 cc. Considering the 
depression in amino acid level produced by the anesthetic (1.1 mg. per cent), 
it is evident that the absolute increase after removal of the cuffs is actually 
greater than these figures indicate. 

The general picture of a progressively rising plasma amino acid level 
is seen with both manometric and colorimetric procedures. However, the 
limited data available with the manometric technique indicate that the 
rise (particularly in femoral vein plasma) may be less marked than the 
above results would suggest. It is possible that some other material (am- 
monia or uric acid?) capable of reacting with sodium naphthoquinone-4- 
sulfonate may contribute to the*terminal picture when the colorimetric 
method is used (see Fig. 1). 

One source of the amino acids in this type of shock is evident from a com- 
parison of the blood samples from jugular vein, carotid artery, femoral vein, 
and femoral artery. The data are given in Table I and summarized in the 
histogram of Fig. 2. Femoral vein values are consistently the highest, 
while there is little difference in the plasma amino acid values of jugular 
vein, carotid artery, and femoral artery. 

Engel, Winton, and Long have correlated the rising blood amino acids 
in hemorrhagic shock with a falling blood pressure, and suggest that the 
low blood pressure will produce an early anoxia of the liver and consequent 
impairment in the deamination processes. In the light of these findings 
we have considered our data in relation to the blood pressures. Amino 
acid nitrogen values and concomitant carotid blood pressures for eleven 
dogs in shock are shown in Fig. 3, A. The relationship between the falling 
blood pressure and rising amino acids is evident. However, we feei that 
a significant rise in the amino acid level of the blood generally may occur 
before the blood pressure has reached a critical level. In Fig. 3, B, for ex- 
ample, the blood pressure fell to 85 mm. of Hg for about 1 hour, then re- 
turned to normal, and the animal lived for 2 days. Nevertheless, the amino 
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acids of the plasma rose from 4.1 to 9.6 mg. per cent with a blood pressure 
which does not seem to be critical. Again, in a series of cross-circulation 


TaBie I 
Amino Acid Nitrogen in Mg. per 100 Cc. of Plasma 


| Shock, after removal of cuffs 
Before removal 
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were sometimes observed with mean arterial blood pressures of 120 to 140 
mm. of Hg (Fig. 3, C). This was true also of the non-protein nitrogen of 
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ire the plasma. In these cross-circulation control experiments the only tissue 
on which might have been seriously affected was the blood itself. Further, 
it seems suggestive that amino acid and non-protein nitrogen changes were 
evident in a series of dogs subjected to the usual shock-producing procedure 
but given an early transfusion (plasma, isinglass, or polyvinyl alcohol) 
so that the blood pressure did not fall to shock levels (Fig. 3, D). 

These findings suggest that the rise in amino acid nitrogen is not always 
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Fic. 3. Relationship between amino acid nitrogen and blood pressure in shock, 
A, regression lines for eleven dogs. B, Dog 176; shock produced in the usual manner; 
lived 2 days beyond the experiment. C, exchange transfusion control, Dog 244, show- 
ing nitrogen elevation with relatively high blood pressure. D, Dog 167, infused with 


a 4 per cent solution of polyvinyl aleohol in normal saline (40 cc. per kilo of body 
weight); dog survived. 


Plasma Amino Acids in Rats—The changes in plasma amino acid nitro- 
gen in unanesthetized rats are summarized in Fig. 4. A significant eleva- 
tion in the amino acid nitrogen of the plasma is evident. However, the 
actual increase is less for the rat than for the dog (on the average, 2.2 mg. 
per cent as compared to 3.6 mg. per cent). 

Haist and Hamilton, studying changes in the liver glycogen storage, 
found a failure of storage in the rat in shock but a restoration of the process 
when the limbs were reclamped. The reclamping procedure prevented 
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death in our animals, but did not change the level of amino nitrogen within 
4 hours-(Fig. 4). At the end of that time the levels were still high. If it is 
assumed that the rise in amino acids is due either directly or indirectly toa 
failure of the deamination processes of the liver, then it follows that there 
is not a rapid recovery of the ability of liver to deaminate amino acids. 
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Fic. 4. Plasma amino nitrogen values for control, shock, and ‘‘reclamped”’ rats. 
In the latter group the clamps were left off for 2 hours; then the legs were reclamped 
and the plasma samples were taken 4 hours later. 


DISCUSSION 


The amino acid nitrogen of the blood has a value which is surprisingly 
constant under many changing physiological conditions. Injections of 
pentobarbital, insulin, epinephrine, and potassium chloride have been 
shown to produce a slight lowering (Crismon ef al.). Injections of amino 
acids produce a rapid rise in the blood amino acid level, but this returns to 
normal within a few hours, owing to increased excretion of amino acids or 
their conversion to urea in the liver (Bollman, Mann, and Magath (8)). 
Consequently it has been suggested that the pronounced elevations seen 
in traumatic shock (Lurje (9)) and in hemorrhagic shock (Engel, Winton, 
and Long) may give a clue to some fundamental feature of the shock syn- 
drome. The rise evident in shock would seem to indicate that the amino 
acids are being produced in relatively high concentrations or that the 
deaminating functions of liver, or removal by the kidneys, are seriously 
interfered with. In our dogs there is little or no excretion of urine after 
removal of the cuffs. 

Both groups mentioned above have stressed the probability of liver dam- 
age in shock. In the case of hemorrhagic shock, Engel, Winton, and Long 
have shown that the rise in amino nitrogen in the rat occurs only after the 
blood pressure has fallen to 80 mm. of Hg, and suggest that the low blood 
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pressure will produce an early anoxia of liver and consequent impairment in 
the deamination processes. 

In the type of shock which we have been studying, the data for dogs show 
clearly that anoxic peripheral tissue contributes amino acids, as well as other 
non-protein nitrogenous constituents, to the blood. It seems possible that 
the non-protein and amino acid nitrogen coming from the injured limbs will 
account for the initial general rise noted. It is probable that other tissues 
become somewhat anoxic in the terminal stages of shock, and may add to 
the picture of rising blood nitrogen. Initially, however, in these experi- 
ments the rise in amino acid nitrogen of the shocked dog seems to be due to 
processes going on within the tissues of the injured limbs. Our data show 
that a general rise may occur before the blood pressure falls to 100 mm. of 
Hg. This blood pressure does not seem low enough to produce a gen- 
eralized tissue anoxia, though an anoxia of certain peripheral tissues may 
be present. It is appreciated that following hemorrhage any effects of 
anoxia may not be evident immediately, whereas, in the type of shock we 
are studying, materials from tissues subjected to prolonged anoxia may be 
poured into the circulation immediately upon release of the cuffs. 

The results of the reclamping experiments in the rats suggest that the 
liver function is altered in these animals. We would expect the reclamping 
(which cuts off the blood supply from the injured limbs) to prevent further 
contribution of amino acids to the blood. If the deaminating processes 
were unaffected, the amino acid nitrogen level of the blood should soon 
return to normal after the limbs are reclamped. This does not occur in 4 
hours. 

These findings on the rat confirm the theory that the liver function is 
altered in shock. It is of interest to note, however, that despite the fact 
that the blood amino acid levels remain high the animals begin to recover 
during the 4 hour “reclamped”’ period. It would appear therefore that 
certain other processes are more fundamental than those responsible for 
the elevation of the blood amino acid nitrogen level. 


SUMMARY 


Dogs in shock produced by pressure cuffs showed a rise in the plasma 
amino nitrogen of 3 to 5 mg. per cent. 

In the control animals the plasma amino nitrogen was reduced 1 to 2 mg. 
per cent. 

The primary rise in amino acid values in dogs in shock results from proc- 
esses going on in the tissues of the injured limbs. Significant changes may 
occur before the blood pressure has fallen to shock levels. 

The plasma amino nitrogen of the rat in shock is, on the average, 2 mg. 
per cent higher than that of the normal animal. 
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In both the dogs and rats, suitable treatment (early transfusions or re- 
clamping of the injured limbs) may bring about recovery before the amino 
acid level shows any tendency to return to normal. 


It is a pleasure to thank Professor C. H. Best, for his interest and help 
in this work. 
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Various views have been presented in regard to the site and the mecha- 
nism of action of parathyroid hormone. In 1929, Albright and Ellsworth 
(1) advanced the view that changes in the calctum metabolism, including 
changes in the bone, are dependent upon preceding changes in the phos- 
phorus metabolism. After the administration of parathyroid extract to 
patients, Albright and Ellsworth (1) observed an immediate increase in the 
urinary excretion of phosphorus. They suggested that some change occurs 
in the blood equilibria as a result of parathyroid extract administration 
which makes necessary an increase in phosphorus excretion. On the basis 
of these observations (1), and additional investigations (2-4), Ellsworth 
(5) suggested that parathyroid hormone acts by lowering the renal thresh- 
old for phosphorus. As a result of recent studies of the action of para- 
thyroid extract on nephrectomized rats, Ingalls, Donaldson, and Albright 
(6) suggest that the hormone acts on phosphate metabolism in some way 
which not only increases the exeretion of phosphates in the urine, but also 
produces certain bone changes directly. 

In 1932, Selye (7) advanced the theory that parathyroid hormone 
directly stimulates the formation of osteoclasts, whereby calcium is released 
to the blood. In support of this theory, Collip, Pugsley, Selye, and 
Thomson (8) observed that parathyroid extract produced osteoclastic 
resorption of bone in bilaterally nephrectomized rats, thus indicating a 
direct action of parathyroid hormone on the bone, independent of any 
action it may have on the kidney. Likewise, McJunkin, Tweedy, and 
McNamara (9) observed that the administration of parathyroid extract to 
nephrectomized rats caused a pronounced resorption of bone. However, 
they were unable to detect a rise in the serum calcium of the nephrectomized 
rat after the injection of massive doses of parathyroid extract. In previous 
experiments, Tweedy, Templeton, and McJunkin (10) were unable to 
observe a rise in the serum calcium of the nephrectomized dog after the 
injection of massive doses of parathyroid extract, despite the fact that the 


* An abstract of a portion of the data reported here has been published (Campbell, 
W. W., and Tweedy, W. R., Federation Proc.,1, pt. 2, 104 (1942)). 
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serum calcium continued to rise in the nephrectomized dog in which the 
action of parathyroid extract was initiated before nephrectomy. They 
concluded that the kidneys play a dominant réle in the action of para- 
thyroid hormone. After a study of the action of parathyroid extract on 
the serum calcium and the serum inorganic phosphate of nephrectomized 
rats, cats, and dogs, Neufeld and Collip (11) concluded that the results of 
their experiments did not suggest a direct action of parathyroid hormone 
on the bone, but rather a direct action on the kidneys whereby the excretion 
of phosphates is increased. 

Although interest has been centered chiefly on the kidneys and the 
bones as the sites of parathyroid hormone action, the liver has not escaped 
consideration as a possible site of action. In 1932, Greenberg (12) and 
Nitzescu (13), independently, observed that acute intoxication of the 
liver with elementary P practically obliterated the serum calcium-raising 
effect of parathyroid extract in the dog. After further studies on the 
effects of liver poisons, Greenberg (14) concluded that the deleterious 
effect of elementary P on the calcium-raising effect of parathyroid extract 
did not appear to be through an injurious action on the bone cells. More 
recently, Lederer and Crandall (15) observed a decreased effectiveness of 
parathyroid extract in mobilizing calcium in Eck fistula dogs. They 
concluded that these animals either suffer from a calcium deficiency which is 
secondary to a decrease in bile secretion, or that the observed effects are 
due to some endogenous relation of the liver to calcium metabolism. 

The data obtained in this investigation indicate that parathyroid extract 
affects the distribution, retention, and excretion of radiophosphorus by 
producing changes in the phosphorus metabolism of the bones, the liver, 
and the kidneys. 

EXPERIMENTAL 

The young adult rats, which were used in these experiments (Table IT), 
were reared on a diet of Purina fox chow, supplemented by greens and meat 
scraps twice weekly. In most instances the paired animals were not litter 
mates, but were of approximately the same age and weight. 

The experimental animal of each pair (Table II) received a subcutaneous 
injection of 5 ml. (500 Hansen units) of parathyroid extract (Lilly). 1 hour 
later each animal of the pair was injected intraperitoneally with 0.5 ml. of 
a solution of 7 mg. of P (as NasHPO,), containing 10 to 15 microcuries. 

After the administration of the NasHP*O,, the experimental animal and 
its control were placed in separate wire bottom cages over urine-feces 
separators (16), and given access to food and water. At the end of the 
desired period, measured from the time of the administration of the labeled 
P, each animal was anesthetized, and sacrificed by drawing blood as 


completely as possible. 





he 








W. R. TWEEDY AND W. W. CAMPBELL 341 


4 to 5 ml. of the animal’s blood were transferred to a tared 10 ml. Coors 
porcelain ashing capsule, and rapidly weighed. The desired tissues were 
then dissected out and placed in stoppered weighing bottles. Weighed 
amounts of the tissues were transferred to 10 ml. ashing capsules, and these 
samples, together with the blood and the collections of urine and feces, 
were dried overnight in an electric oven, after which the samples were 
ashed with Mg(NQOs)2 in an electric muffle at 450-500°. The ash was 
dissolved in HCl and either the whole solution or an aliquot was slowly 
evaporated to nearly dryness. Water was added and the evaporation 
carried to dryness to remove excess HCl. 

The radioactivity of each test sample was measured by means of a 
Lauritsen electroscope by reference to a standard sample which represented 
a suitable aliquot of the original NasHP*Q,. 


Results 


Blood—The action of parathyroid extract was not evident in the blood. 
With the exception of the first pair of animals (Table I) no other instance 
was encountered in which the P® content of the blood of an experimental 
animal differed appreciably from that of its control. 

Distribution and Retention—The two pairs of animals which were sacri- 
ficed 1 hour after the administration of the labeled phosphate (Table I) 
were male litter mates. When the radioactivities of their organs are 
compared on a gm. basis, the accumulation of P® in the liver of the experi- 
mental animal Rat E-1 does not appear to have been affected by para- 
thyroid extract, but on the same basis of comparison there appears to be 
slightly more P® in the kidneys of Rat E-1 than in the kidneys of its control. 
On the other hand, when the activities of whole organs are compared, it 
will be seen that the experimental animal’s liver contained 16.89 per cent 
of the administered radiophosphorus as compared with 13.15 per cent in the 
liver of its control, while the kidneys of the two animals contained exactly 
the same amount of the administered radiophosphorus. This is the only 
instance encountered im our experiments, however, in which a comparison 
of activities on a gm. basis only would have led to an erroneous conclusion 
concerning the accumulation of radiophosphorus in the whole organ. 

In the case of the second pair of animals that was sacrificed at the 1 hour 
interval (Table I), as well as the three pairs which were sacrificed at the 
2 hour interval, a comparison of activities, on either the gm. basis or 
per whole organ, shows that the liver and the kidneys of the hormone- 
treated animals retained larger amounts of radiophosphorus than the 
corresponding organs of their controls. 

An examination of the liver and the kidneys of the hormone-treated 
animals, sacrificed at the various intervals throughout the 48 hour experi- 
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mental period, generally revealed a higher specific content of radiophos- 
phorus (retention) than the corresponding organs of the controls (Table IT), 
However, the femurs of the hormone-treated animals exhibited no such 
constancy in the relation of their specific content of radiophosphorus to 
that of their respective controls. 

1 hour after the administration of the labeled phosphate, the femurs of 
the hormone-treated animal Rat E-1 (Table I) contained considerably 
less P® than the femurs of its control, while the femurs of the hormone- 
treated animal Rat E-2 contained only slightly less P® than its control. 
At the 2 hour interval the femurs of the hormone-treated animals, Rats 


TaBLe I 
Effect of Parathyroid Extract upon Distribution, Retention, and Excretion of Labeled 
Phosphorus 
All values are expressed as per cent of the administered radiophosphorus recov- 
ered. E represents experimental animal, C control. 


} 


Time | | — ') Large 
” Weight injec. Blood Liver —_ Femurs | Kidneys wr oe “ ~ 
tion of | | | | ontents contents 
ps | | aiealas whole 

per per per per — per per per 

mm | ie | gm | oto | am | | ome | am | Sepa | om 
E-1 | 204 l 0.19} 16.89) 1.42) 0.12) 3.11 | 2.55) 2.19 | 1.16; 6.82 2.32 
C-1 204 l 0.25) 13.15} 1.41! 0.13) 3.39 2.92! 2.19 | 1.10, 5.60 2.21 
E-2 | 202 l 0.22) 14.79) 1.80) 0.11) 3.38 2.80) 2.65 1.49 6.438 2.32 
C-2 | 204 l 0.24) 13.54) 1.41} 0.14) 3.45 2.90) 2.09 } 1.11 6.43 2.31 
E-3 | 196 2 0.22! 10.67) 1.77! 0.17! 1.16 | 1.08] 2.04 | 1.32) 3.11 2.91 
C-3 | 196 2 | 0.19} 8.72) 1.34) 0.19) 1.03 | 0.87) 1.70 | 1.06 3.27 | 2.92 
k-4 183 2 0.17) 9.03) 1.40) 0.14) 1.17 1.07; 1.85 | 1.18) 4.48 1.31 
C-4 175 2 0.19) 8.41} 1.01) 0.18!) 0.97. 0.85) 1.45 | 0.97 4.47 1.48 
E-5 | 247 2 0.17) 13.14) 1.56) 0.18) 1.04 | 0.75) 2.03 | 0.99 4.57 1.66 
C-5 | 255 2 0.16 9.89) 1.29) 0.08! 0.97 0.69) 1.94 | 0 93) 4.74 1.90 


| 


. 
E-3 and E-4, showed a higher specific content of P® than their respective 
controls, while the femurs of the experimental animals which were sacri- 
ficed at the 4 and 8 hour intervals (Table I1) exhibited about the same 
specific content of P® as that shown by their respective controls. After 
8 hours the specific content of P® in the femurs of the hormone-treated 
animals appears to have decreased markedly. In the animals sacrificed 
at the 18 and 24 hour interval (Table IJ), the femurs of those receiving 
parathyroid extract show a lower specific content of radiophosphorus than 
those of the untreated rats. At the end of the 48 hour experimental 
period, the specific content of radiophosphorus in the femurs of treated and 


the untreated rats is about the same. 
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The administration of parathyroid extract appears to have exerted no 
effect upon the movement of labeled phosphate into and out of the skeletal 
muscles (Table II). The variations from the average values at the various 
intervals cannot be ascribed to the action of exogenous parathyroid hor- 
mone, since the variations are as marked and occur as frequently in the 
control as in the hormone-treated series. 

Urinary Excretion—Urine samples were obtained from one pair of 
animals (designated Rats E-2 and C-2, Table I) as early as 1 hour after the 
administration of labeled phosphate (Table II). After these animals 
were sacrificed, the abdominal cavity of each was opened and a ligature 
passed around the urethral orifice of the bladder. The urine sample was 
withdrawn through the wall of the bladder and measured by means of a 
tuberculin syringe. From the bladders of Rat E-2 and its control Rat 
C-2, 0.3 and 0.5 ml. amounts of urine, respectively, were transferred to 
ashing capsules and the activities determined in the manner previously 
described. The urine of the hormone-treated animal Rat E-2 was found to 
contain 2.6 per cent of the administered labeled phosphate, while that of its 
control, Rat C-2, contained only 0.9 per cent. Unfortunately this was the 
only instance in this series of experiments (Table I1) in whichasample of 
urine was obtained as early as 1 hour after the administration of labeled 
phosphate. Subsequent collections of urine were made in the usual way by 
collection in a metabolism cage over a urine-feces separator. 

At the 4 hour interval the hormone-treated animal of one of the two 
pairs of animals shown in Table II excreted 34.2 per cent of the administered 
phosphate, while its control excreted only 8.6 per cent. At the 8 hour 
interval the’ pooled urines of two hormone-treated animals (Table II) 
showed an average excretion of 23.4 per cent of the administered phosphate, 
while the pooled urines of their controls showed an average excretion of 
20.9 per cent. 

The percentages shown for the urinary excretion of P® at the 18 hour 
interval (Table II) are the average values of the separate collections from 
three hormone-treated animals and three controls. The values obtained 
for the 24 hour collections of urine of the animals sacrificed at 48 hours are 
included in the average values shown for the animals sacrificed at the 
24 hour interval. 

Fecal Excretion—In both the experimental and the control group, great 
variation occurred in the amount of radiophosphorus which appeared in the 
collected feces (Table II). However, when the per cent of radiophosphorus 
recovered from the feces of a hormone-treated animal was compared with 
that of its respective control, nine of the eleven hormone-treated animals, 
from which feces were collected at the 18 or 24 hour interval, showed 
smaller amounts of radiophosphorus in their feces than their respective 
controls. 
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Separate recoveries of radiophosphorus from the intestines and their 
contents are not given in Table II. In several instances separate recoveries 
were made, but a comparison of activities of the intestinal tissues revealed 
no significant difference which could be attributed to the action of para- 
thyroid extract. However, it was found that the sum of the percentages of 
radiophosphorus recovered from the gastrointestinal tract, its contents, 
and the collected feces served as an indication of the amount of radio- 
phosphorus passing out by the fecal route. The percentage value so ob- 
tained was smaller in the case of each of the nine experimental animals 
mentioned above than for their respective controls. 


DISCUSSION 


The results of the present investigation indicate that the administration 
of a sufficient amount of parathyroid extract to the normal rat definitely 
accelerates the uptake of radiophosphorus by the liver. Although the 
difference between the specific content of radiophosphorus in the livers of 
treated and the untreated rats at various intervals up to 48 hours was 
variable, and not strikingly large, calculations based on the data in Table II 
show the average specific content of radiophosphorus in the livers of treated 
rats to be 20 per cent higher than that of the untreated animals. This 
observation is of particular interest, since it suggests a direct action of 
parathyroid hormone on phosphorus metabolism in the liver. 

Parathyroid extract did not appear to accelerate the uptake or promote 
the retention of radiophosphorus in the femurs. The observed differences 
in the initial uptake and specific content of radiophosphorus by the femurs 
of treated and untreated rats up to the 8 hour interval (Table II) do not 
indicate an immediate action of parathyroid extract on the bones. How- 
ever, between the 8 and the 18 hour interval (Table II) the femurs of treated 
animals began to lose their radiophosphorus more rapidly than those of 
the untreated controls. This accelerated movement of radiophosphorus 
from the femurs of treated rats could have resulted from an earlier action of 
parathyroid extract on the bones, or, as seems more likely, from the 
sustained action of parathyroid extract on phosphorus metabolism in the 
liver and the kidneys. 

Calculations based on the values given in Table II show the average 
specific content of radiophosphorus in the kidneys of rats receiving para- 
thyroid extract to be 18.5 per cent higher than that of the untreated con- 
trols during the first 24 hour interval. If insignificant variations from the 
control values are excluded (such as those shown by Rats E-1 and E-5, 
Table I), the above percentage is increased appreciably. Whether the 
higher activities observed for the kidneys of treated rats are due to the 
concentration of labeled phosphate in the process of being excreted, or 
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result from a direct action of parathyroid extract on phosphorus metabolism 
in the kidneys, cannot be determined from the present data. 

Although the per cent of the administered radiophosphorus excreted by 
the urinary and the fecal routes varied greatly for both the experimental 
animals and their controls, the excretion values usually indicate an increased 
urinary and a decreased fecal excretion of radiophosphorus by the hormone- 


treated animal. 


SUMMARY 


The percentage of labeled phosphate has been determined in the tissues 
and excreta of rats treated with parathyroid extract and untreated rats 
from 1 to 48 hours after the intraperitoneal injection of a single dose of 
Na,HPQ,, containing radioactive phosphorus. 

1. The accumulation of labeled phosphate reached higher values in the 
liver and kidneys and lower values in the femurs of rats receiving para- 
thyroid extract than in their controls. 

2. Throughout the 48 hour experimental period, a higher specific content 
of radiophosphorus was maintained in the liver and kidneys of the rats 
receiving parathyroid extract than in their controls. 

3. During the last half of the first 24 hour interval, the specific content 
of radiophosphorus diminished more rapidly in the femurs of the rats 
given parathyroid extract than in the femurs of their controls. 

4. Parathyroid extract appeared to produce an immediate increase in 
the urinary excretion of radiophosphorus, and a decrease in the fecal 
excretion of radiophosphorus that was first discernible 18 to 24 hours after 
the administration of the labeled phosphate. 


The authors are greatly indebted to Professor E. O. Lawrence, director, 
and to Dr. Joseph G. Hamilton, and the rest of the staff of the Radiation 
Laboratory of the University of California for supplying the radiophos- 
phorus used in these experiments. This work was also aided in part by 
Grant 535 from the American Medical Association, and by a gift of para- 
thyroid extract from Eli Lilly and Company. 
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SEPARATION OF OXYTOCIC AND PRESSOR PRINCIPLES OF 
POSTERIOR PITUITARY EXTRACTS* 


By ALBERT M. POTTS anv T. F. GALLAGHER 
(From the Department of Biochemistry of the University of Chicago, Chicago) 


(Received for publication, April 13, 1944) 


In 1928 Kamm, Aldrich, Grote, Rowe, and Bugbee (1) reported the 
separation of extracts of the posterior lobe of the pituitary gland into two 
fractions, respectively rich in oxytocic and in pressor activity, by fractional 
precipitation from 98 per cent acetic acid solution by acetone and ether 
and petroleum ether. An analogous process by Stehle and Fraser (2) 
involved fractional precipitation from mixtures of alcohol and ethy! acetate. 
Irving, Dyer, and du Vigneaud (3) likewise effected a considerable separa- 
tion by electrophoresis. These reports confirmed the results of earlier 
investigations, particularly those of Dudley (4), who had concluded that 
the two principles differed in chemical and physical properties as well as in 
pharmacological action. 

The preparation of two separate chemical fractions possessing the phar- 
macodynamic activities of the posterior pituitary has never been universally 
accepted as satisfactory evidence for the production of two substances by 
the gland. Certain investigators, notably Abel (5), held that the pro- 
cedures used in separation of the principles were sufficient to cleave a 
hypothetical large molecule into smaller fragments. Rosenfeld (6) found 
that when press-juice from posterior lobes was subjected to ultracentrif- 
ugation fractions containing both pressor and oxytocic activity were 
sedimented at the same rate, in contrast to the products of Kamm which 
did not appreciably sediment under similar conditions. On the other 
hand, Irving and du Vigneaud (7) showed that the pressor component in 
fresh pressed juice from bovine pituitaries migrated more rapidly in electro- 
phoretic experiments than the oxytocic principle. The best evidence for a 
single active component is given by van Dyke, Chow, Greep, and Rothen 
(8) who have described a homogeneous protein obtained from beef pituitary 
which contained the pressor, oxytocic, and antidiuretic hormones in 
constant ratio. 

The present work was undertaken to provide a satisfactory procedure for 


* A preliminary report of this work was made before the Thirty-fifth annual meet- 
ing of the American Society of Biological Chemists (Proc. Am. Soc. Biol. Chem., J. 
Biol. Chem., 140, p. ciii (1941)). 

This investigation was financed by grants from Armour and Company, the Com- 
mittee for Research in Endocrinology of the National Research Council, and the Dr. 
Wallace C. and Clara A. Abbott Memorial Fund of the University of Chicago. 
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obtaining the separated principles for chemical investigation. Of the 
various adsorbents reported (9-11) to remove posterior lobe hormones 
from solution, we found that zeolites showed a preferential adsorption of 
the pressor hormone. Accordingly, experiments were directed toward an 
efficient chromatographic separation with an adsorbent of this class. A 
readily available artificial zeolite is Decalso which, when ground to 70 
mesh, is marketed as ‘‘permutit according to Folin.’’ Solutions of pos- 
terior lobe extract are readily separated upon this zeolite. The procedure 
has the marked advantage that it can be applied to simple aqueous ex- 
tracts of defatted pituitary powder and separation of the two activities can 
be achieved in the first stage of purification. 


EXPERIMENTAL 
Biological Assay—Oxytocie assays were made by means of the fowl blood 
pressure method of Coon (12). The vasopressor assays were conducted 
on cats anesthetized with phenobarbital. The U.S. P. reference standard 
was employed throughout. The accuracy of the pressor assay under 
favorable conditions is +20 per cent; assay by the fowl blood pressure 
method for oxytocic activity is somewhat more accurate. 


Preparation of Extracts and Separation by Adsorption on Zeolite 

0.25 Per Cent Acetic Acid Extracts—The adsorbent in each case was 
10 gm. of “permutit according to Folin,” packed into a column (1.2 em, 
inside diameter) while in suspension in 0.25 per cent acetic acid. The 
final column dimensions were 1.2 KX 17 cm. The rate of flow by gravity 
alone was sufficient. The extract was made by triturating 15 gm. of 
acetone-desiccated posterior lobe powder with 150 ml. of 0.25 per cent 
acetic acid, heating to boiling, and filtering on a Buchner funnel with the 
help of 9 gm. of Hyflo Super-Cel. The filter cake was reextracted with 
another 100 ml. of 0.25 per cent acetic acid, and the two extracts were 
combined. 

For each experiment either 40 or 50 ml. of the above solution were 
poured through the permutit column, and the filtrate was collected as 
Fraction 1. This was followed by two 100 ml. portions of 0.25 per cent 
acetic acid, collected as Fractions 2 and 3 respectively. Finally the 
remaining pressor hormone was eluted by 100 ml. of 5 per cent NaCl in 
0.25 per cent acetic acid. This is Fraction 4. Three typical experiments 
are recorded in Table I. 

Aqueous Extracts—The following experiments were analogous to the 
preceding ones, with the important difference that the extraction of the 
pituitary powder and the elution of the column were made with water 
instead of 0.25 per cent acetic acid as the solvent. To prepare the initial 
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he solution, 4.0 gm. of posterior lobe powder were triturated with 100 ml. of 
les redistilled water and the insoluble material centrifuged out at high speed. 
of 
an TABLE I 
\ Separation of Ozytocic and Pressor Fractions from Acetic Acid Extracts of Pituitary 
- Powder 
70 - : we ee ae 
)S- Experiment 134 Experiment 135 Experiment 147 
ire if 7 biG se wuilhe ; B ants F ” eile oT 
‘X- Before adsorption Oxytocic 920 880 1150 
an Pressor 880 800 1100 
Fraction 1 Oxytocic 160 160 240 
Pressor 80 40 91 
ory Oxytocic 400 332—Csid 320 
Pressor 80 60 150 
d - 3 Oxytocic 200 166 174 
od Pressor 100 100 34 
rd - 4 Oxytocic 250 250 220 
Pressor 450 600 750 \ 
er ba if 
re Total activity re- Oxytocic 1010 908 954 i 
covered Pressor 710 800 1025 
ites eR ee eeeer. sos eee oe ; 
Te 
TaBe II i) 
AS Separation of Ozxytocic and Pressor Fractions from Aqueous Extracts of Pituitary iF 
n Powder i 
, Eee —— _ ne SS — _ i | 
1€ Experiment 194 | Experiment 195 Experiment 196 ; ; 
a il i 
if units units units ih ; 
{ Before adsorption Oxytocic 1750 1750 1750 a4 
ut Pressor 1600 1600 1600 4 
le Fraction 1 Oxytocic 1500 1300 | 1350 i 
h Pressor 230 230 150 t 
a meng Oxytocic 500 500 450 
Pressor 100 150 S4 
| “ 3 Oxytocie | 26 
© Pressor 40 
IS - 4 Oxytocic 166 220 200 
it Pressor 1000 1000 1000 
e “i 5 Oxytocic 26 20 
" Pressor 100 7 80 
7 Total activity re- Oxytocic 2186 2046 2020 
covered Pressor 1430 1452 1354 
. The residue was extracted twice more with 50 ml. of water, each time in a 
. similar manner. In these experiments the extractions were made at room 
| temperature and the solutions were not heated. The extracts were 
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chromatographed as in the previous experiments; the pressor fractions were 
eluted with 10 per cent sodium chloride solution (Fraction 4) and an 
additional fraction was collected by washing with 10 per cent sodium 
chloride in 5 per cent acetic acid (Fraction 5). In each of the experiments, 
the starting solution was 50 ml. of the same extract. The results are 
recorded in Table IT. 


Removal of Pressor Activity by Repeated Adsorption 

Two experiments were conducted with aqueous extracts similar to those 
recorded in Table II, but in addition the oxytocie fraction was poured 
through a second permutit column identical with the first, in order to 
ascertain how much additional pressor hormone could be removed by a 
second passage. 

1.5 gm. of posterior lobe powder were extracted three times with re- 
distilled water, by use of 30, 25, and 20 ml. portions, and the unextracted 


TaB_e III 
Repeated Adsorption of Oxytocic Fractions 
E Ratio, — : Ratio, 
Fraction 1 — oxytocic — oxytocic 
pressor pressor 
unils units 
After Ist adsorption Oxytocic 2000 5 QO 1880 6.7 
5. . 
Pressor 400 280 , 
“ «Sed “ Oxytocic 1600 1800 
8.0 a 11.6 
Pressor 200 155 


residue was removed by centrifuging at high speed. 50 ml. of this extract 
were used in each experiment. All columns were 1.2 X 17 cm.; 10 gm. of 
permutit were used. Since the starting extract was milky in appearance 
and remained so in the eluate, the water entrained in the column could be 
eliminated by collecting the first fraction when the milky liquid appeared. 
The entrained solvent, which amounted to 13 ml., was inactive and was 
discarded. Fraction 1 represents the 50 ml. of starting material. 

The 50 ml. of initial extract contained 2000 units of oxytocie and 2000 
units of pressor activity. In each case after removal of a small aliquot for 
assay, Fraction 1 was poured through a second fresh column and again the 
milky eluate only was collected. The results are recorded in Table III. 

This last experiment was repeated with the same extract and the first 
eluate was twice again chromatographed, with 10 gm. of permutit for each 
adsorption. The results are recorded in Table IV. 

Separation of Larger Quantities—105 gm. of acetone-desiccated posterior 
lobe powder were triturated with 3 liters of redistilled water and filtered 
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with the aid of Hyflo Super-Cel. The residue was extracted with 2 more 
liters of water and the extracts combined. It may be noted that filtration 
is very slow and centrifugation is preferable. 

A large column, 5 X 102 cm., of permutit was prepared with 1 kilo of 
adsorbent. The pituitary extract was allowed to pass through the column 
by gravity and was followed by a 3 liter portion of water. Both filtrates 
were combined as Fraction 1. The column was then washed with 4 liters 
of 10 per cent NaCl solution, designated as Fraction 2. Fraction 1 was 
poured through another column of permutit (1 kilo) and the column 
washed once with 3 liters of water. The combined filtrates were assayed 
as Fraction 3. Here, too, the turbidity of the extract indicated when the 
active material had started to come through, so that liquid initially present 
in the column was separated and discarded. The results of two experi- 
ments are recorded in Table V. 


TaBLe IV 
Repeated Adsorption of Oxytocic Fractions 
Experiment 200, Fraction 1. 











.. |After two addi- — 
te olen Ratio, pe ban tional adsorp- | Ratio, h— 4 
adsorption pressor tions pressor 
units | units 
. i | ~~ 
Oxytocic ee 1925 12.5 1750 90 
Pressor rik; 154 85 * 








Separation of Oxytocic and Pressor Activity from Fresh Glands—Since the 
ordinary methods for collection and desiccation of posterior lobes offer 
opportunities for secondary changes in a protein molecule, the following 
experiments were performed with the view of minimizing such alterations 
in the hormone or hormones. In Experiment 189 (Table VI), the pitui- 
taries were obtained at the slaughter-house, at the time the glands are 
ordinarily removed from the head, and were immediately frozen on solid 
CO,. The beef pituitary gland is ordinarily not removed from the skull 
until 1 hour or longer after death, since the rest of the carcass must pass 
inspection before the head is opened. This seemed to offer possibility for 
postmortem change and therefore, with the cooperation of Armour and 
Company and a representative of the Bureau of Animal Industry, we 
collected some twenty-five glands which were removed and frozen on CO, 
within 10 minutes after the death of the animal. The results with these 
glands are given in Experiment 191. The pituitaries were dissected while 
frozen and dehydrated in a high vacuum. Toward the end of the dehydra- 
tion the flask containing the glands was chilled in a salt-ice mixture, so 
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TABLE V 


Large Scale Separation of Pressor and Oxytocic Fractions from Aqueous Extracts of 
Pituitary Powder 








Experiment 207 Experiment 212 
units | units 
Before adsorption Oxytocic 147,000 160,000 
Pressor 138,000 130,000 
Fraction | Oxytocic 171 ,000 140 ,000 
Pressor 16,000 (Approximate) 5,000 (Approximate) 
2 Oxytocic 18,400 
Pressor 140 ,000 120,000 
3 (2nd | Oxytocic 168 ,000 192,000 (? 
7. al 


adsorption of Pressor 
Fraction 1) 


* The responses in the pressor assay of these samples are completely atypical. 
Instead of the normal rise from a base-line these high oxytocic samples invariably 
show a preliminary drop followed by a return to normal or beyond. This secondary 
rise appears to be compensatory for the drop and ordinarily its magnitude appears 
proportional to the size of the previous fall. For this reason, assays for pressor 
activity in samples such as Fraction 3 are completely unreliable. 


TaBLe VI 
Separation of Pressor and Oxytocic Fractions from Glands Subjected to Minimal 
Denaturation and Autolysis 


Experiment 189° Experiment 191f 
Extract, mi 5.7 7.5 
Powder extracted, mg. 85 94.5 
units units 
Fraction 1 Oxytocic 88 72 
Pressor 8 5 
+ 2 (10 ml. water) Oxytocic 3 5 
Pressor 2 1 
os 3 (10 * oral Oxytocic 3 10 
Pressor 1.2 1 
" 4 (10 “* 0.25% acetic Oxytocic 8 10 
acid) Pressor 3 2 
Fraction 5 (10 “ 10% NaCl) Oxytocic 7 15 
Pressor 62 58 


* Glands removed from head approximately 1 hour after slaughter. 
+t Glands removed from head approximately 10 minutes after slaughter. 


that at no time, until all water had been removed, were the glands exposed 
to a temperature higher than 0°. The dried posterior lobes were extracted 
with 30-60° petroleum ether, powdered, sifted, and dried in a high vacuum 
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before extraction. Table VI records the results of two typical experiments 
in which these powders were extracted with redistilled water as before and 
poured over 10 gm. of permutit. 


DISCUSSION 


These experiments present a rapid, simple, and convenient method for 
separation in high yield of the oxytocie and pressor pituitary principles by 
an adsorption process. As the adsorbent used is capable of exchanging 
cations with the solution with which it is in contact, the pressor hormone, 
which has been shown to be a more basic ampholyte (7) than the oxytocic 
principle, is adsorbed by this ‘“‘base exchange” substance. The more basic 
character of the pressor hormone is consistent with the higher arginine 
content of this fraction (13). The degree of purification effected in this 
procedure is not great; estimations of solids were not made because of the 
high salt content of extracts after passage through permutit. The sepa- 
rated principles, however, offer a marked advantage for the further purifica- 
tion of the two products, since the losses are slight and the separation of the 
two activities is fairly complete. 

In these experiments, a careful effort was made to avoid any alteration 
of the hormone molecules other than exposure to the surface of the zeolite. 
As the effect of this agent on a protein molecule such as van Dyke, Chow, 
Greep, and Rothen (8) have described has not been investigated, it is 
unknown whether permutit effects a separation of the biological activities 
from the protein. 

The protein isolated by van Dyke et al. (8) represents about 5 per cent of 
the total biological activity which may be extracted from the gland by 
efficient methods. Of the remaining 95 per cent, a significant fraction is 
dialyzable. We have made similar observations on aqueous extracts of 
the gland before and after adsorption on permutit.' A significant propor- 
tion of the activity of the glandular extracts is evidently associated with 
relatively small molecules. The activities of the separated principles are 
qualitatively identical with those of the protein molecule from which they 
are cleaved, judged by the biological assay procedures which have been 
applied to the products. That they are not quantitatively identical is 
indicated by the following calculation: van Dyke et al. have stated that 
0.061 mg. of protein is the equivalent of 1 oxytocie unit. Potts and 
Gallagher (13) have calculated a minimum molecular weight of approxi- 
mately 1300 for the oxytocic fraction from the cystine and tyrosine content 
of highly purified preparations, in which 0.0014 mg. was the equivalent of 
1U. 8S. P. unit. From the molecular weight of the protein (30.000) it 
can be calculated that 4.3 per cent is oxytocic hormone, assuming a mini- 


' Unpublished experiments with Dr. John A. Vaichulis. 
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mum molecular weight of 1300 for this substance. Accordingly the 
oxytocic unit of the separated principle (if this were obtained unaltered in 
activity) should be 0.061 mg. X 0.043 = 0.0026 mg. of solids. Since the 
preparations studied by Potts and Gallagher were almost twice as potent 
as this, it is obvious that either the protein was impure or the biological 
activity is quantitatively different in the protein and in the separated 
principle. 

The procedure by which the two activities of the posterior pituitary can 
be separated is so simple, and so high a percentage of the total activity can 
be extracted, that the conclusion that a single protein with multiple 
biological activity is the hormone of the posterior pituitary seems un- 


warranted. 


SUMMARY 


A simple and convenient method for the separation of the oxytocic and 
pressor principles from aqueous extracts of desiccated posterior lobes has 
been described. The pressor principle is adsorbed on “‘permutit according 
to Folin,’’ whereas the oxytocic principle is apparently not adsorbed. 
Elution of the pressor substance was accomplished with sodium chloride 
solution. High yields of the separated principles were obtained. 


The authors wish to express their appreciation to Miss Lillian Hunter 
who performed the biological assays; to Professor E. M. K. Geiling who 
provided space for the assays and helped us with the dissection of the 
fresh glands; and to Professor E. A. Evans, Jr., who made many sug- 
gestions in the preparation of the manuscript. 


BIBLIOGRAPHY 


1. Kamm, O., Aldrich, T. B., Grote, I. W., Rowe, L. W., and Bugbee, E. P., J. Am. 


Chem. Soc., 50, 573 (1928). 
2. Stehle, R. L., and Fraser, A. M., J. Pharmacol. and Exp. Therap., 65, 136 (1935). 


3. Irving, G. W., Jr., Dyer, H. M., and du Vigneaud, V., J. Am. Chem. Soc., 68, 503 
(1941). 

4. Dudley, H. W., J. Pharmacol. and Exp. Therap., 14, 295 (1919). 

5. Abel, J. J., J. Pharmacol. and Exp. Therap., 40, 139 (1930). 


6. Rosenfeld, M., Bull. Johns Hopkins Hosp., 66, 398 (1940). 

7. Irving, G. W., Jr., and du Vigneaud, V., J. Biol. Chem. , 123, 485 (1938). 

8. van Dyke, H. B., Chow, B. F., Greep, R. O., and Rothen, A., /. Pharmacol. and 
Exp. Therap., 74, 190 (1942). 

9. Schlapp, W., Quart. J. Exp. Physiol., 16, 327 (1925). 

10. Freeman, M., Gulland, J. M., and Randall, 8. S., Biochem. J., 29, 2211 (1935). 

11. German patent 550,935. 

12. Coon, J. M., Arch. internat. pharmacol., 62, 79 (1939). 

13. Potts, A. M., and Gallagher, T. F., J. Biol. Chem., 143, 561 (1942). 


| 








nd 


)). 








MICRODETERMINATION OF VOLATILE FATTY 
ACIDS IN BLOOD 


By J. F. McCLENDON 


(From the Research Laboratory of Physiology, Hahemann Medical College, 
Philadelphia) 


(Received for publication, April 5, 1944) 


Volatile fatty acids (VFA) may be separated by fractional distillation, or 
a mixture of two or three determined by mathematical analysis of the 
distillation curve. Duclaux (1) distilled directly, Dyer (2) distilled with 
steam, and Olmsted, Whitaker, and Duden (3) from a saturated solution 
of magnesium sulfate. Such methods require higher concentrations of 
VFA than are present in protein-free filtrates of blood from the normal 
general circulation. If the distillate is to be made alkaline, evaporated, 
and redistilled to obtain the distillation curve, larger quantities of blood 
than are usually available are required. The following method is usually 
limited to total VFA (4). Only in blood following intravenous injections, 
portal blood during absorption, or in concentrates of large volumes of 
blood distillate have individual acids been determined. 


Procedure 


Blood is drawn in a graduated syringe and spurted into 5 times its volume 
of 2 per cent ZnSO,-7H,O and mixed. (At this point it may be refrigerated 
if the determination cannot be made immediately, but changes do take 
place and samples showing the brown color of methemoglobin give ab- 
normal values.) 12 cc. are mixed with 2 ec. of half normal NaOH and 
centrifuged or filtered. 7 cc. of this Somogyi (5) filtrate are considered 
the equivalent of 1 ec. of blood and are introduced into the still at A, Fig. 1, 
by means of a7 cc. pipette. 0.5 cc. of syrupy phosphoric acid (that has had 
steam blown through it while hot) is added at A. Cooling water is circu- 
lated through the condenser and a 50 cc. Erlenmyer flask with a mark at 
30 cc. is placed under C. Micro burners are lighted under the glycerol 
bath and steam generator, and when the bath reaches 120° the stopper is 
inserted in A, causing steam entering B through a rubber tube to bubble 
through the filtrate in the still. The burners are regulated so that the 
bath remains at 120° and the water seal opposite Z is not broken while 
30 cc. of distillate are collected. 3 drops of 0.04 per cent brom-thymol 
blue are added to the distillate and air that has passed through sodium 
hydroxide solution and wet permutit is bubbled in a fine stream through it 
for 10 minutes and during the titration. It is titrated with 0.01 n CO,-free 
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NaOH in a Lochte and Hoover (6) burette graduated in thousandths of a 
ec. to the color of a standard of 30 cc. of CO.-free water, 3 drops of indicator, 
and 3 mg. of sodium acetate. The end-point is viewed in front of a daylight 
fluorescent lamp with a flashed opal glass diffuser. 

A blank determination is made by substituting Ringer’s fluid for an equal 
quantity of blood. The titer of this blank is subtracted from the titer of 


blood. 





s} ii 
We 
Fia. 1. Micro still of 50 ec. capacity. A stoppered intake, B inlet for steam, C 
outlet for distillate, D hole in trap, E annular (0.25 mm.) space at lower margin of 
trap to be closed by water seal. The space may be smaller and does not have to be 
uniform, but must not be larger. 


The still is emptied by suction at B while the stopper remains in A, and is 
rinsed by suction while a small beaker of distilled water is held under C. 
A battery of four stills can be run at the same time. 


DISCUSSION 


The chief advantages in the still shown in Fig. 1 are its small size (50 ce.), 
absence of ground joints, and very efficient trap. The trap is an inverted 
test-tube in the neck of the distilling flask with a hole opposite D through 
which any spray is projected onto the wall of the flask while the gap oppo- 
site E is closed by a water seal. The glass-blower is instructed to test the 
water seal to see that it will hold against gravity. Since the force of the 
steam is opposed to gravity, the seal will stand the pressure due to a fair 
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rate of distillation. The temperature, 120°, of the bath was found to be 
correct for maintaining the volume in the still at 7.5 cc. Therefore the 
temperature in the still is only slightly above 100° and the insertion of a 
thermometer within the still itself is unnecessary. A mixture of glycerol 
(or permanent antifreeze) and water that boils at 120° may be maintained 
by adding water to a mark on the bath as it boils away, or the temperature 
may be maintained by regulating the burner. 

Performance of Still with Known Fatty Acids—Since blood is diluted 7 
times in deproteinizing, 1 cc. of acid of the recorded strength was introduced 
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Fic. 2. Distillation rates, expressed as cc. of distillate on the abscissa and per cent 
of fatty acid distilled on the ordinate, when the still is charged with 6 cc. of water, 
0.5 ec. of phosphoric acid, and 1 cc. of one of the following acids: (Curve A) 0.02 n 
caproic; (Curve B) 0.02 n butyric; (Curve C) 0.02 acetic (dash line, 7 ce. of blood 
filtrate representing 1 cc. of VFA-free blood and 0.02 cc. of 1 N acetic acid); (Curve 
D) 0.02 n formic; (Curve E) 0.1 n pyruvic; (Curve F) 0.02 n 8-hydroxybutyric; (Curve 
G) 0.1 N lactic. 


into the still with 6 cc. of water. The distillation rate of acid is lowered by 
this dilution. On the other hand, if the blood filtrate were concentrated 
to the volume of the original blood before distillation, HC] would distil 
and interfere with the titration. 

Fig. 2 shows the distillation curves of a number of VFA made by titrating 
each 5 ce. portion of the distillate. The dash line represents 0.02 cc. of 
normal acetic acid added to each cc. of VFA-free blood, followed by the 
usual procedure except for the separate titration of each 5 cc. portion of the 
distillate. The close parallel to the solid line for acetic acid indicates that 
it is not appreciably adsorbed by the zinc hydroxide. Fig. 2 shows that 
0.02 nN caproic acid is all distilled in 20 ec., 0.02 N butyric or acetic acid in 
25 ec., whereas only 85 per cent of 0.02 N formic acid is distilled in 30 ce. 
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Only 12 per cent of 0.1 N pyruvic acid, 7 per cent of 0.02 N 8-hydroxybutyrie 
acid, and 1 per cent of 0.1 N lactic acid are distilled in 30 ce. The distilla- 
tion rate depends on the ratio of the non-polar (CH) groups to the polar 
(COOH, CO, and COH) groups. 

The concentrations in the still that gave distillates of 30 cc. of zero 
titration were 0.00002 N caproic, butyric, or acetic acid, 0.0002 N pyruvie 
acid, 0.0006 N 8-hydroxybutyric acid, and 0.007 N lactic acid. 

In order to obtain an unmistakable qualitative test for acetic acid with 
lanthanum nitrate, iodine, and ammonia (Feigl (7)) it was necessary to 
distil the protein-free filtrate of a pint of blood, make it alkaline, evaporate 
to the volume of 2 drops, and distil 1 drop in a 5 ec. micro-Kjeldahl still 
with the receiver cooled in a freezing mixture. 

Although not enough hydrochloric acid distils from blood filtrates to give a 
qualitative test with silver nitrate, theoretically some should come over; 
hence the blank was made by treating Ringer’s fluid in the same way as 
blood. 

The VFA of normal human or dog venous blood is 0.0003 nN. In certain 
experiments in which acetate was injected into the vein or introduced into 
the alimentary canal the value rose to about 0.003 N and it is probable that 
90 per cent of this was acetic acid. 

SUMMARY 


1. A rapid method for the determination of volatile fatty acid in the 
filtrate of 1 ec. of blood is described. 

2. Distillation curves for different acids as they would distil from blood 
filtrates are figured. 

3. The titer of volatile fatty acids of normal blood from the general 
circulation of man or dog (after subtraction of the blank) is 0.0003 Nn. 


Thanks are due to K. A. C. Elliott for suggestions, Thomas M. Walton 
of the Precision Thermometer and Instrument Company, Philadelphia, for 
stills that reduce breakage, Dr. Harry M. Eberhard for blood samples, and 
R. H. Hamilton for pure pyruvic acid. 
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COMPARISON OF CRUDE AND PURIFIED PREPARATIONS OF A 
LEUCYLPEPTIDASE ASSOCIATED WITH BEEF MUSCLE* 


By SIGMUND SCHWIMMER 


(From the Enzyme Research Laboratory, Bureau of Agricultural and Industrial 
Chemistry, Agricultural Research Administration, United States Department 
of Agriculture, Albany, California) 


(Received for publication, March 20, 1944) 


Berger and Johnson (1) have established the existence of a peptidase 
which is activated by magnesium and manganese salts and is particularly 
adapted to splitting initial leucine residues from peptides. The enzyme 
has been found in hog erepsin, and in several species of plants and bacteria. 
It is thus of wide-spread occurrence. A similar enzyme has now been found 
in association with beef muscle. Some of the properties of a purified prepa- 
ration of this peptidase have been studied and compared with those of a 
crude glycerol extract of beef muscle. As a result of this comparison it 
appears that more than one peptidase occurs in muscle. The crude ex- 
tract is capable of hydrolyzing peptides other than leucyl peptides, whereas 
the purified enzyme is not. 


Methods 


Determination of Activity—3 ml. of enzyme solution plus 1 ml. of water 
or heavy metal salt solution (as an activator) were added to 65.8 mg. of 
dl-leucylglycine dissolved in 3 ml. of 0.1 M ammonia-ammonium chloride 
buffer. This was equivalent to 0.05 mm of peptide per ml. of digestion 
mixture. At various times during the digestion at 40°, 1 ml. was re- 
moved and titrated with 0.01 n NaOH by a formol method (2). In this 
case an increased titration of 5 ml. would be equivalent to 100 per cent 
splitting of the (racemic) peptide. 1 activity unit, [Pep. u.], has been 
defined as the quantity of enzyme which will cause 5 per cent total hydroly- 
sis of the dl-leucylglycine in 1 hour at 40°. 

Preparation of Purified Enzyme—200 gm. of ground lean meat, previ- 
ously frozen, were stirred into 400 ml. of a solution prepared by mixing 1 
volume of glycerol with 1 volume of water. The pasty mass was filtered 
by gravity overnight at 1°. The extract was stored at —17.8°. 

It is referred to as the crude extract. To 300 ml. of this extract, 110 
ml. of cold acetone were added. The mixture was centrifuged at — 10°. 


* Enzyme Research Laboratory Contribution No. 91. This work was done on 
Bankhead-Jones funds. Some of the results are from a thesis submitted to George- 
town University in 1941 by Sigmund Schwimmer in partial fulfilment of the require- 
ments for the degree of Master of Science. 
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362 LEUCYLPEPTIDASE 
Another 110 ml. portion of acetone was then added to the supernatant 
liquid. The precipitate resulting from the second addition of acetone was 
centrifuged out, and then dissolved in 150 ml. of 0.1 N ammonia-ammonium 
chloride buffer, pH 8.0. Ammonium sulfate was added to the solution 
to the point of 0.65 saturation and the precipitate so produced was removed 
by centrifuging and dissolved in 20 ml. of water. To this solution were 
added 6 ml. of a solution saturated with respect to ammonium sulfate and 
0.015 N with respect to acetic acid. The precipitate so formed was dis- 
earded. The supernatant was made 0.5 saturated with ammonium 
sulfate, resulting in a precipitate of protein very rich in enzyme. This 
precipitate was dissolved in 10 ml. of 30 per cent glycerol. The purifica- 
tion achieved by this procedure (Table I) resulted in a 24-fold increase in 
activity, in units per mg. of protein nitrogen. About two-thirds of the 
activity of the original glycerol extract was lost during purification. 


TABLE I 
Purification of Beef Leucylpeptidase 





Specific activity Recovery of enzyme 
[Go a1 Wap LG - 
Preparation [Pep. u-} mg. P.N [Pep. u.] mg. P.N 
No activator |0.001 m MnCl. 0.001 uw MnCl, 
Crude glycerol extract 1.00 2.4 700 
Protein in ammonia-ammonium chloride 
solution ‘h ; ' 15 300 
Final preparation. . Seenval ' 22 57 200 








Results 


Activation by Manganese, Magnesium, and Copper—Manganese salts were 
most effective in increasing the activity of the crude glycerol extract on 
leucylglycine. Magnesium and copper were also effective, while iron 
had little effect (Table IT). Cyanide and cysteine did not materially affect 
the results. The activation of the purified leucylpeptidase by Mn was 
found (Table I) to be the same; 7.¢., activation resulted in approximately a 
2.5-fold increase in both cases. 

Course and Extent of Hydrolysis—Fig. 1 shows that the enzyme hydrolyzes 
di-leucylglycine to a maximum of 50 per cent. The courses of hydrolysis 
of this substrate by the crude and purified preparations are about the same. 
The shape of the curve is typical of enzyme reactions when the substrate 
is not very dilute; the velocity is independent of the substrate concentra- 
tion until the latter is sufficiently small to result in a typical ‘‘die away” 
curve. That is, the initial concentration of substrate is apparently much 
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higher than the K,, value (the dissociation constant of Michaelis and 
Menten) for this particular enzyme. The use of high substrate concentra- 
tions seems to be a common practice in peptidase studies (3, 4). 


Tasie II 
Effect of Salts on Activity of Crude Extract 





Concentration 





Salt added 1072 uw 10-3 w 10-4 w No salt added 


Per cent hydrolysis (0.5 ml. extract, 1 hr.)* 


Control 12.5 
MnCl, 12 27 22 

FeSO, 10 12t | 13 

MgCl, 19 | 15 | 14 

CuSOQ,.. 18 20 
NaCN.... a 10 13 | 





* dl-Leucylglycine used as substrate. 
t Prior addition of cysteine (0.005 m) gave a corresponding value of 20.5 for MnCl, 
and 13.5 for FeSQ,. 
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60 120 /80 
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10 20 JO 
HOURS~ CURVE 2 
Fic. 1. Course and extent of hydrolysis by purified enzyme (Curve 1) and crude 
extract. dl-Leucylglycine was used as substrate in the presence of 0.001 m MnCl; 
0.40 mg. of purified enzyme and 0.50 ml. of crude extract were used. 


The kinetics of the purified leucylpeptidase and also the extent of 
activation (about 2.5-fold) obtained with manganese are essentially the 
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same as were observed with the crude extract. The enzyme appears to 
have undergone little if any change. Purification has, however, removed 
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Fic. 2. pH optima of purified enzyme (Curve 1) and of crude extract (Curve 2), 
in the presence of 0.001 m added Mn. 














Taste III 
Specificity of Purified and Crude Enzyme 
Per cent hydrolysis (2 hrs.) | 
Crude | 
Substrate 0.05 mm per ml Purified enzyme glycerol | pH 
extract 
0.027 mg. pH O.iml. | 
dl-Leucylglycine 34.1 7.95 9 7.8 
" : 24 7.1 
dl-Leucyldiglycine 25.1 6.9 50* 7.5 
Glycyl]-l-leucine 0.8 7.1 7* 6.8 
Glycylglycine 0.2 4.0 20* 6.7 
gt 0.0 7.5 
Glycyl-l-alanine 0.0 7.5 
Glycine anhydride 0.2 7.0 
dl-Alanylglycine 0.0 6.8 50* 7.0 
dl-Alany]l-dl-alanine 0.0 7.5 
Chloroacetyl-o-nitraniline 0.0 7.2 
m-Nitrobenzoylglycine —0.3 7.0 
Cathepsin hemoglobinf. 0.0 3.7 + 3.7 
4 


Trypsin hemoglobint 


| ~ 
— 
a 
— 
~“J 


* Hydrolysis after 20 hours. 
+ Determined according to Anson (5). 


completely the power to split alanyl or glycyl peptides. The inference 
seems allowable that another peptidase has been removed, rather than a 
substance that causes leucylpeptidase to digest other peptides as well. 
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pH Optima—The pH optima of the two preparations assayed in the 
presence of 0.001 m MnCl, are quite different (Fig. 2). The optimum for 
the purified enzyme at pH 8.3 is additional indication that the enzyme is 
similar to that previously described (3). 

Specificity—The purification has resulted in a highly specific, as well as 
active preparation. Table III shows the action of the two preparations 
on various substrates. Of the peptides tested only dl-leucylglycine and 
dl-leucyldiglycine were hydrolyzed by the purified enzyme. In agreement 














Taste IV 
Stability of Purified Enzyme toward Dialysis 

L. G. 

[Pep. u. (pH 7.7) 
Condition of experiment ed mg. P..N ‘P 
No activator 0.001 mw MnCle 

No dialysis of glycerol solution 22 50 
0.75 ml. glycerol solution + 0.75 ml. H;O dialyzed 12 25 

against distilled H,O at 0° for 3 days 
0.75 ml. glycerol solution + 0.75 ml. 0.005 m MnCl, 2 17 





dialyzed against 0.001 m MnCl, for 3 days at 0° 


TaBLe V 
Survival of Crude Enzyme As Function of pH at 0° 


Per cent activity remaining after* 





pH 7 atin 














2 hrs. 19 hrs. 
2.95 3 0.5 
3.75 95 21 
5.90 100 98 
8.70 96 94 
10.00 97 80 





* dl-Leucylglycine used as substrate in presence of 0.001 m MnCl. 


with Johnson et al. (3), the rate of splitting of leucylglycine is equal to that 
of leucyldiglycine at the same pH. The maximum hydrolysis of leucy]- 
diglycine corresponded to the splitting of one bond per molecule. 
Stability—The purified enzyme proved to be rather unstable. Storage 
of an aqueous solution at 0° for 2 weeks resulted in a 75 per cent loss in 
activity. Glycerol stabilized the enzyme. The stabilizing effect of glycerol 
and the instability of peptidases in dilute aqueous solution are in agree- 
ment with previous observations (6). Paralleling the results of Smith and 
Bergmann (7) on the stability of leucylpeptidase in hog erepsin, the purified 
enzyme was shown to be less stable in the presence of manganese than in 
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water (Table IV). The amount of manganese present during this dialysis 
was roughly a tenth ef the quantity required for maximum activation; 
hence the increase in activity observed on the addition of more manganese 
to the dialyzed material. 

The survival of the crude enzyme at various pH values after 2 and 19 
hours is shown in Table V. 


SUMMARY 


A highly active specific enzyme capable of hydrolyzing leucylglycine and 
leucyldiglycine, but not simple glycine or alanine peptides, has been found 
associated with beef tissue. Its properties have been compared with a 
crude glycerol extract of beef muscle. The properties investigated indicate 
that the purified enzyme is a leucylpeptidase, whereas the starting material 
contained more than one peptide-splitting enzyme. 
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INFLUENCE OF SOME SULFUR-CONTAINING COMPOUNDS ON 
LIVER LIPID CONTENT OF YOUNG WHITE 
RATS 
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(From the Department of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor) 


(Received for publication, April 21, 1944) 


Recent studies in lipid metabolism have shown that a relationship exists 
between the content of sulfur-containing amino acids of the diet and the 
percentage of ‘‘fat”’ in the liver. Large amounts of lipids (20 to 30 per cent) 
are deposited in this organ when a ration high in fat, low in protein, and 
deficient in choline or its precursors is fed to the young white rat for a 
comparatively short time (2 weeks). This accumulation of unusual 
amounts of ‘‘fat’’ in the liver can be prevented by merely supplementing 
such a diet with 0.5 per cent of methionine. On the other hand a mobiliza- 
tion of additional amounts of lipids into this organ is observed when 0.5 
per cent of cystine is added to the ration. It is generally believed that 
methionine exerts this so called lipotropic action by transmethylation, 
whereby its labile methyl group is used for the synthesis of choline. Nu- 
merous methylated compounds have been studied with regard to lipotropic 
effect (cf. Moyer and du Vigneaud (1) for a summary of the literature). 
It is clear from their summation that not all methylated products are 
lipotropic but no good reason has been presented to explain the inactivity 
of some and the activity of others. Different explanations have been given 
to account for the deposition of additional amounts of ‘‘fat’”’ in the liver 
when cystine is added to the above ration. According to Griffith (2) the 
additon of cystine to such a diet may improve the nutritional state of the 
anima! to such an extent that the choline requirements are increased. In 
contrast to this it has been suggested that this amino acid exerts a direct 
toxic effect on the animal. Smythe (3) believes that the action of the acid 
may be attributed to the liberation of hydrogen sulfide by an enzyme oc- 
curring in the liver. It was the purpose of this investigation to obtain 
additional data relating to these opposing effects of methionine and cystine. 

The method of attack consisted in administering (intraperitoneally in 
most cases) substances containing sulfur to young male rats on a diet which 
will produce fatty livers. The experiments were usually terminated at the 
end of approximately 2 weeks and the liver lipid content was determined 
in the manner previously described (4). In most of the experiments, the 
system of paired feeding of litter mates was employed. The basal diet 
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contained 3 per cent Celluration (Fisher), 15 per cent casein (Labco), 
37 per cent glucose, 40 per cent lard, and 5 per cent salt mixture (5). In 
addition, each rat received 1 dry yeast tablet (500 mg.) and 2 drops of cod 
liver oil daily. All organic compounds were analyzed for sulfur by the 
Parr bomb method and were found to be of satisfactory purity. 

Influence of Inorganic Sulfide on Liver Lipid Content—In the light of 
Smythe’s idea that the toxicity of cystine may be due to the liberation of 
hydrogen sulfide (3), it seemed desirable to determine the effect of inorganic 
sulfide on liver lipid content. The product employed was commercial 
NaS -9H,O0 which was shown to be 98 per cent pure by iodometric analysis. 
As was expected, the product was quite toxic, but it was possible to ad- 
minister 5.5 mg. (as anhydrous NaS) per kilo intraperitoneally. The 
experimental rats received daily intraperitoneal injections of a solution 
prepared by adjusting the pH of an aqueous solution of the sulfide to 9 
by the addition of dilute HCl. Table I shows the amounts administered 
to the individual rats. The control animals were given intraperitoneal 
injections of water equal in volume to that used in the administration of 
the sulfide to the experimental animals. In Series A and B the diet was 
fed ad libitum; in Series C paired feeding was employed. Table I shows 
that in Series A the average liver lipid content of the control animals (24.9 
per cent) is higher than the corresponding value (19.6 per cent) for the 
rats receiving the sulfide. In the second series (B) the average figures 
for the control and experimental animals are 18.0 and 20.3, respectively, 
and in Series C (with the exception of Pair II) the value for the liver lipid 
content of each experimental animal was smaller than that of its paired 
control. No evidence is thus presented in support of the hypothesis that 
the effect of cystine on the content of liver lipids is due to the liberation of 
hydrogen sulfide. 

The data on food intake are included in Table I because of a suggestion 
of better growth in the case of the rats, in Series B and C, obtaining the 
sulfide. In the former the average gain in weight for the 19 day period 
was 40.9 gm. for the experimental group and 37.8 for the controls. In 
Series C, which is better controlled, every rat receiving the sulfide gained 
more weight than its paired control. These data suggest that additional 
tissues might have been laid down by the rats receiving the supplement. 
A definite decision regarding this is withheld, since such factors as activity, 
water intake, and urine secretion were not controlled. 

Influence of Other Types of Sulfur Compounds on Liver Lipid Content— 
In these experiments various types of sulfur compounds, a sulfone (methi- 
onine sulfone), a sulfide (dimethyl sulfide), a disulfide (dimethyl! disulfide), 
a thion (S-methylisothiourea), the ester of a thion-thiol acid (methylxantho- 
genate), and a sulfonium compound (trimethylsulfonium chloride), were 
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investigated. Unless otherwise stated paired feeding of young male litter 


mates was employed. 


TABLE | 
Influence of Inorganic Sulfide on Liver Lipid Content 
The duration of the experiment was 19 days in Series A and B, and 22 days in 
Series C. The amount of supplement indicated represented the quantity (calculated 
as Na-S) administered intraperitoneally during the entire period. The small letters 
and roman numerals in Series C refer respectively to the litter and the pair used in 
paired feeding. Liver lipids are calculated on the fresh basis. 





Series Rat No (Nexeyadded| weight ‘wolaht intake lipids 
me gm gm gm per cent 

A ! 23 117 33 132 15.9 
2 23 125 27 141 19.5 

3 23 117 21 114 20.7 

4 17 130 33 | 127 25.6 

5 17 109 «=| «6384)—(O|:—Cs9 16.1 

6 17 122 31 | 145 20.3 

7 0 116 2s | 25.4 

8 0 129 36 130 28.9 

9 0 131 | 26 134 | =20.3 

B 10 32 | ee. J 23 189 22.8 
| 11 32 168 | 54 203 16.2 

12 32 47, | 4 194 25.3 

13 32 145 | 34 171 23.8 

14 2 |S 53 194 | 20.4 

15 32 152 40 193 13.1 

16 0 143 | 43 196 | 18.4 

17 oT] SS. |. Si te 17.3 

18 0 138 40 06| 190 21.8 

19 0 149 42 | 185 17.0 

C I-l-a 312 | «=o9 2 «|| «= (139 18.6 
I-2-a 0 106 is | 137 26.9 

II-3-a 31 121 33 «=| «(151 28.8 

II-4-a 0 111 29 «| ~=«(151 27.3 

III-5-b 31 117 40 86| 151 25.4 

II1-6-b 0 120 3s 6|l lim 26.0 

IV-7-b 31 128 40 162 23.9 

IV-8-b 0 | us 31 157 25.1 

V-9-¢ 31 141 5A 178 24.1 

V-10-c 0 134 46 | 177 28.9 

VI-11-c 31 130 52 | «(144 30.2 


VI-12-c 0 120 42 | 142 33.9 
In a former report from this laboratory it was announced (6) that methi- 
onine sulfoxide possessed lipotropic activity. This was anticipated in view 
of the report by Bennett (7) that this sulfoxide could be substituted in the 
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Taste II 

Influence of Methionine Sulfone and Dimethyl Disulfide on Liver Lipid Content 

The duration of the experiment was 20 days in Series D and E, 8 days for Series F, 
and 15 days for Series G. The amount of supplement indicated represents the quan- 
tity administered during the entire period. The rats in Series F received the supple- 
ment subcutaneously. In the remaining cases it was given intraperitoneally. The 
letters and roman numerals in the second column refer respectively to the litter 
and the pair used in paired feeding. Liver lipids are calculated on the fresh basis. 











Series Rat No Supplement added oo — -h nd lipids 
| me. gm. cm gm per cent 
D I-l-a Sulfone 0 159 42 | 183 25.8 
I-2-a os 950 150 44 | 183 29.3 
II-3-a a 0 113 1 | 12 20.5 
Il-4-a os 950 101 -—9 | 12 23.8 
III -5-a “ 0 144 47 | 186 19.2 
III-6-a se | 950 151 42 | 183 29.7 
IV-7-b “ 0 155 51 | «190 26.7 | 
IV-8-b as | 950 154 46 | 189 28.0 / 
V-9-b “ ay 125 2 | 124 22.6 
V-10-b oe | 950 103 5 | 123 23.9 
VI-11-b a 0 140 3 166 34.5 
VI-12-b | a 950 132 31 159 22.9 
E 35 | Disulfide 0 143 43 196 18.4 
36 a 0 142 31 | 195 17.5 
37 ss 0 142 28 | 194 15.3 
38 “ 0 138 40 | 190 21.8 
39 os 0 149 42 185 17.0 
40 | " 260 146 36 =| #147 8.3 
41 a 260 155 49 | 191 14.6 
42 “ 260 123 is | 160 6.7 
43 a 260 135 22 | 167 12.8 
F 1-46-c ee 0 120 26 | 80 13.2 
[-47-c ae 100 122 Si @ 12.6 
I1-48-c “ 0 124 12 74 12.1 | 
11-49-c a 100 119 12 74 7.5 ' 
I11-50-d “ 0 123 20 80 15.0 ! 
III-51-d oe 100 123 24 80 11.4 | 
IV-52-d e 0 108 4 | 71 11.8 
IV -53-d 6 100 112 9 | 71 8.9 
G V -54-e wa 0 130 40 103 12.6 ' 
V-55-e se 130 124 28 104 13.0 
VI-56-e as 0 150 51 114 23.4 
VI-57-e “ 130 136 39 114 18.5 
VII-58-e 4 0 151 39 129 28.3 
VII-59-e a 130 144 38 129 22.4 
VIII-60-f a 0 112 33 89 24.1 
VIII-61-f a 130 95 5 87 20.3 
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diet of the white rat for the purposes of growth. Bennett subsequently 
observed (8) that the more highly oxidized derivative, methionine sulfone, 
was not effective in promoting growth. It seemed desirable therefore to 
determine the effect of this sulfone on liver lipid content. The product 
was synthesized according to the procedure of Toennies and Kolb (9). 
Table II gives the data on six pairs of rats, and clearly demonstrates that 
no lipotropic action is in evidence when the sulfur of methionine is oxidized 
to the sulfone, the average value for the rats receiving the methionine 
sulfone being 26.3 per cent as compared with the mean value of 24.9 for 
the controls. 

Dimethy]! disulfide was chosen for study, since it can arise from the 
decarboxylation of dithiodiglycolic acid, a compound reported to be lipo- 
tropic by Singal and Eckstein (6). This substance, synthesized according 
to the method of Blackburn and Challenger (10), proved to be quite toxic, 
the fatal dose (intraperitoneal) ranging from 90 to 100 mg. per kilo. Evi- 
dence of the lipotropic action of this disulfide is presented in Table II. 
Rats 35 to 43 inclusive received the diet ad libitum for 20 days. The liver 
lipid content of all of the experimental rats in this group (Series E) was 
significantly lower than that of the controls. This observation is confirmed 
by the paired feeding experiments with the other rats. In Series G the 
daily dose was decreased and the product administered dissolved in oil 
(Mazola); the controls received an equivalent amount of the oil alone by 
the same route. In Series F the dose was increased and was given sub- 
cutaneously twice daily. These animals became so irritable that it became 
necessary to terminate the experiment at the.end of the 8th day. 

In the experiments in which dimethy] disulfide was given intraperitone- 
ally it was universally observed that a disagreeable odor suggestive of 
mercaptan soon became evident. On close examination it was apparent 
that this smell did not’ emanate from the site of the injection but arose 
from the respiratory tract. Other experimental rats were therefore placed 
in a closed chamber from which samples of the expired gases could be 
obtained. The expired air was passed through an absorption train con- 
taining lead acetate in order to absorb any hydrogen sulfide that might 
be present. Samples of such air were obtained from the same animal before 
and after intraperitoneal administration of the disulfide. It was consist- 
ently observed that the gases obtained in the latter case invariably produced 
a red color when passed through an alkaline solution of sodium nitroprus- 
side, and in addition gave a red precipitate when bubbled through a solution 
of palladium chloride. These phenomena were not observed in the fore 
period (7.e., prior to the administration of the disulfide). These observa- 
tions suggest the presence of mercaptan (11), .but characterization of the 
substance responsible for these reactions was not accomplished because 
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TaBe III 
Influence of S-Methylisothiourea and Methylxanthogenate on Liver Lipid Content 
The duration of the experiment was 14 days in Series I and J, 15 days in Series H, 
and 16 days in Series K. The amount of supplement indicated represents the quan- 
tity administered intraperitoneally during the entire period. The letters and 
roman numerals in the second column refer respectively to the litter and pair used in 
paired feeding. Liver lipids are calculated on the fresh basis. 


Series| Rat No Supplement added mes | Se! Be. Be 
me gm em gm per cent 

H 1-62-p S-Methylisothiourea 0 99 27 76 18.5 
1-63-p “ 225 92 21 73 9.6 

I1-64-p o 0 95 32 87 | 18.3 
11-65-p “ 225 99 34 87 | 10.8 

Ill -66-q - 0 125 35 112 13.8 
II1-67-q - 225 113 23 112 8.1 
IV-68-q “ 0 | 108 | 39 108 | 15.4 

IV -69-q "7 225 107 18 107 7.9 
V-70-q as 0 114 15 92 14.2 
V-7l-q - 225 110 19 92 8.2 

I VI-72-r " 0 141 44 130 15.9 
VI-73-r ” 210 131 29 130 19.7 
VII-74-s ” 0 132 34 123 21.4 
VII-75-s f 210 139 34 123 16.5 
VIII-76-s - 0 135 24 115 24.4 
VIII-77-s “a 210 128 34 115 9.7 

IX -78-t - 0 141 32 110 13.5 

IX -79-t ba 210 123 23 106 7.8 

J [-95-u Methylxanthogenate 0 134 31 110 17.2 
1-96-u ? 105 115 33 111 10.2 
II-97-u ee 0 136 36 111 14.3 
II-98-u ™ 105 122 18 108 9.9 
III-99-v _ 0 139 29 110 21.7 
ITI-100-v . 105 | 153 | 27 | 110 | 9.6 
IV-101-v - 0 124 28 | 96 12.6 
IV-102-v “ 105 | 119 | 2 | 94 | 13.7 
V-103-w oe 0 135 34 119 18.7 
V-104-w = 105 135 39 119 19.3 

K VI-105-x “a 0 197 11 133 23.8 
VI-106-x - 160 194 6 133 8.0 
VII-107-y “ o| 128 | 32 129 | 14.8 
VII-108-y , 120 127 14 130 5.0 
VIII-109-z 7 0 123 19 119 18.8 
VIII-110-z > 120 106 6 118 6.4 


of the small quantities of the precipitate obtained. Nevertheless these 
observations suggest that a methylmercaptan might have been split off 
following the injections of the disulfide, and the question naturally arises 
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whether the formation of this substance may explain the lipotropic action 


of this disulfide. 
In view of the above findings it seemed desirable to investigate other 
compounds which might give rise to methylmercaptan. S-Methyliso- 


TaBLe IV 


Influence of Dimethyl Sulfide and Trimethylsulfonium Chloride on Liver 
Lipid Content 


The duration of the experiment was 14 days in Series L and 15 days in Series M 
and N. The amount of supplement indicated represents the quantity administered 
during the whole period. The sulfide was given intraperitoneally; the sulfonium 
chloride was added to the diet. The letters and roman numerals in the second col- 
umn refer respectively to the litter and pair used in paired feeding. Liver lipids are 
calculated on the fresh basis. 


| 


Initial |Gain in| Food | Liver 











Series Rat No Supplement added weight | weight | intake | lipids 
meg. gm. gm. gm. per cent 

L I-26-1 Trimethylsulfonium chloride 0; 72 | 10 75 | 10.8 
1-27-1 «“ “ 225| 61 | 5 | 75 | 14.8 
11-28-m «“ “ o| 7 | 18 | 75 | 18.1 
[I-29-m « « 225| 68 | 4 | 75 | 25.3 
III-30-n «“ “ 0} 73 | 12 | 72 | 12.1 
III-31-n “ “ 225 | 74 7 | 7 =| 11.7 
IV-32-0 “ “ | ©} 78 | 12 | 7% | 15.0 
IV-33-0 “ “ 225 | 74 7 | 7% | 15.7 

M | I-80-g Dimethyl sulfide o| 91 | 21 | 79 | 17.4 
I-81-g a se 563 | 89 | 17 80 | 13.4 
II-82-g o se | OO} 8 | 2 | 82 | 21.2 
I1-83-g ‘s es 563 | 87 | 9 80 8.8 

III -84-g as ee 0/'100 | 16 | 9 | 14.5 
III-85-g “ “ 563 | 100 | 17 | 96 | 13.8 
IV-86-h “ “ 0/138 | 24 | 110 | 21.8 
IV-87-h “ “ 363/149 | 21 | 107 | 7.8 

N | V-88-i ee “ 0/115 | 23 | 82 | 19.6 
V-89-i “ “ 420; 110 | 17 | 81 | 20.6 
VI-90-j « “ | 0/118 | 17 | 60 10.3 
VI-91-j «“ “ 420 | 182 | 10 | 71 | 6.1 
VII-92-} «“ « 0| 164 | 52 | 120 | 13.2 

| VII-93-j «“ «“ 525 | 162 | 52 | 120 | 8.3 





thiourea and methylxanthogenate were chosen for this purpose. According 
to the literature mercaptan can be liberated from the former by the action 
of alkali ((12) p. 841) and from the latter by simple hydrolysis ((12) p. 843). 
The ester was prepared according to the procedure of Whitmore and Leiber 
(13) and the S-methylisothiourea by the method of Windus and Shildneck 
(14). As shown in Table III, both of these products are lipotropic. In 
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eight of the nine pairs, the rat receiving S-methylisothiourea had smaller 
amounts of liver “fat’’ than its paired control; the average value of 10.8 
per cent for the experimental rats is significantly lower than the mean value 
of 17.3 per cent for the controls. Likewise in six of the eight pairs, the 
rat receiving methylxanthogenate had less liver ‘‘fat’’ than its control mate, 
In contrast with an average value of 16.7 per cent for the controls, the value 
for the animals receiving the ester was only 9.6 per cent. In view of the 
similarity in the behavior of dimethy] disulfide and the two products just 
discussed it is possible that the lipotropic action of all three of these com- 
pounds may be ascribed to the formation of methylmercaptan. 

Table IV summarizes our findings with dimethyl sulfide and trimethyl- 
sulfonium chloride. The former, a commercial product (Eastman), was 
given intraperitoneally, but the latter proved to be so toxic, when admin- 
istered intraperitoneally, that it was necessary to incorporate it in the diet. 
The method of Cahours (15) was used in the synthesis of the sulfonium 
chloride. Table IV shows that the sulfide is definitely lipotropic, since 
with only one exception the liver lipid content of the rats receiving this 
thio ether was less than that of their respective paired controls. The 
average values in this experiment (Series M and N) for the experimental 
and control animals were 11.3 per cent and 16.9 per cent, respectively. 
On the other hand it is clear from the data in Series L that the sulfonium 
compound did not exhibit lipotropic action. Unfortunately this product 
was so toxic that only small amounts could be given and these were of 
necessity added to the diet. Our interest in this compound arose from 
Bennett’s claim (8) that methioninesulfonium chloride can be substituted 
for methionine for purposes of growth in the white rat. 


SUMMARY 


1. The intraperitoneal administration of inorganic sulfide (17 to 32 
mg. of NaS during an experimental period of approximately 3 weeks) 
does not cause an accumulation of additional amounts of “‘fat’’ in the livers 
of young male rats fed a basal diet which produces fatty livers. 

2. Dimethy] sulfide, dimethy] disulfide, S-methylisothiourea, and methyl- 
xanthogenate all exert a lipotropic effect when administered intraperitone- 
ally to young male rats on a basal diet which produces fatty livers. Under 
these same circumstances neither the intraperitoneal injection of methionine 
sulfone nor the oral administration of trimethylsulfonium chloride caused 
a drop in liver lipid content. 
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THE CREATINE CONTENT OF THE GASTROCNEMIUS MUSCLE 
OF YOUNG MALE RATS ON DIETS VARYING 
IN CHOLINE CONTENT 
By EUGENE ROBERTS anv H, C. ECKSTEIN awn 
Waqe jor: c orn 
(From the Department ®P Biological Chemistry, Metical School, University of 
Michigan, Ann Arbor) 


(Received for publication, April 21, 1944) 


As a result of their studies on biological methylation, du Vigneaud and 
coworkers (1) have suggested that substances containing physiologically 
labile methyl] groups must be included in the diet of the rat for the synthesis 
of certain important methylated products such as creatine. In our various 
investigations on the lipotropic action of methionine and related sub- 
stances (2-5), diets deficient in choline and allied products were fed, and, 
while we have observed many instances of acute fatty livers, no signs of 
creatine deficiency, such as muscular weakness or atrophy, were ever en- 
countered. In some of the experiments very young rats were used and the 
experimental period included 60 days. It seemed desirable to throw more 
light on this question by determining the creatine content of the gastrocne- 
mius muscle of rats in which fatty livers had been produced by diet. Young 
male rats were placed on a ration consisting of 5 per cent casein (Labeo), 
47 per cent glucose, 40 per cent lard, 5 per cent salt mixture (6), and 3 per 
cent Celluration (Fisher). In addition each rat received 2 drops of cod 
liver oil and 1 dry yeast tablet (500 mg.) daily. This ration has been used 
repeatedly by us for the production of fatty livers. Some of the rats 
received in addition choline chloride, others were given ethanolamine, while 
others were fed the basal ration only. In addition four rats were kept 
on our regular stock diet (Rockland rat diet) for 21 days. The amounts 
of supplements added are indicated in Table I. Ethanolamine was in- 
cluded because it is known to give rise to choline in the rat (7). Methyl 
groups are required for this transformation as well as for the synthesis 
of creatine. It seemed likely that methyl groups, which are ordinarily 
used for the production of creatine, might be diverted to the path leading 
to the synthesis of choline during this acute need for lipotropic substances. 
It is possible that this diversion might be reflected in a lowering of the 
muscle creatine. 

The data obtained from rats (weight, 90 to 100 gm.) on these diets are 
summarized in Table I. Rats 1 to 7 inclusive were maintained on the 
respective diets indicated for 3 weeks; in the remaining cases, the period 
was 24days. At the end of the experiments, the rats were decapitated and 
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the liver and gastrocnemius muscle of one leg removed. Creatine was 
estimated according to Miller, Allinson, and Baker (8) without resorting 
to the use of enzymes to correct for the non-creatine chromogens, since 96 
per cent of the total chromogenic material in this muscle of the rat is re- 
ported to be creatine (9). The intensity of the color was determined 


TABLE | 
Influence of Dietary Choline and Ethanolamine on Liver Lipid Content and Creatine 
Content of Gastrocnemius Muscle of Young Male Rats 
The changes in body weight are those for the entire period, which consisted of 21 
days in Series A and 24 days in Series B. When choline chloride was added, it re- 
placed 0.2 per cent of glucose. When ethanolamine was given, 120 mg. were mixed 
with the diet daily. The values for liver lipids and muscle creatine are calculated 


on the fresh basis. 


Series Rat No. Supplement added ao Ay Ro. J lipids a 
gm. gm. per cent a ban 

A | Choline chloride —5 121 5.3 143 
2 =y - +S 192 6.5 354 

3 5 _ +S 181 10.4 432 

i = ” —6 182 7.9 158 

5 None —3 185 14.2 132 

6 - +6 186 28.9 435 

7 at +19 186 31.2 147 

B 8 Ethanolamine +5 180 26.2 362 
9 - —4 156 28.2 145 

10 - —9 170 30.6 435 

11 7” —4 188 28.4 474 

12 2 -9 190 29.5 481] 

13 " +5 187 33.6 164 

14 None +9 182 26.8 375 

15 ~ +18 159 30.6 $10 

16 +1 171 30.5 435 

17 " +6 188 26.6 146 

18 ™ +4 189 31.9 iSO) 

19 es +10 185 35.8 158 


* The creatine content in gastrocnemius muscle of four young male rats that had 
been placed on our stock Rockland rat diet for 21 days was 458, 438, 459, and 481 


mg., respectively. 


photoelectrically. The procedure for total lipids is described elsewhere 
(2). 

As shown in Table I, the supplementary choline afforded almost com- 
plete protection against the infiltration of unusual amounts of “‘fat’’ into 
the livers. On the other hand the control animals (7.c., those receiving 
the unsupplemented diet) and those given ethanolamine as a supplement 
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all exhibited fatty livers. The livers of the four rats receiving the Rockland 
rat diet were not analyzed for total lipids, but upon inspection these organs 
appeared perfectly normal. The average muscle creatine value of these 
four animals (457 mg. per cent) compares well with the mean value of 422 
mg. per cent for the rats receiving the supplement of choline. The cor- 
responding values of 435 for the control rats and 444 for those receiving 
ethanolamine as a supplement are in close agreement with other values 
cited above. It is obvious thus that, even though a choline deficiency was 
evident in Rats 5 to 19 inclusive, the average creatine content of the gas- 
trocnemius muscle of these animals was not affected by this deficiency. 
Dietary ethanolamine was evidently without influence on liver lipid or 
gastrocnemius muscle content. The remaining data in Table I indicate 
that the creatine cortent of this particular muscle was not related to either 
the food intake or changes in body weight. After this work had been com- 
pleted, it was reported that a deficiency in dietary choline does not ap- 
preciably diminish creatine formation in the chick (10). 


SUMMARY 


The creatine content of the gastrocnemius muscle of young white rats 
(male, 90 to 100 gm.) is not lowered when a diet deficient in choline is fed 
for a period of 3 weeks. The addition of ethanolamine to this diet is with- 
out influence on the creatine content of this muscle. 
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INHIBITING EFFECT OF INORGANIC IODIDE ON THE 
FORMATION IN VITRO OF THYROXINE AND DITODO- 
TYROSINE BY SURVIVING THYROID TISSUE* 


By M. E. MORTON, I. L. CHAIKOFF, anp 8. ROSENFELD 
(From the Division of Physiology, University of California Medical School, Berkeley) 


(Received for publication, April 17, 1944) 


When 300 mg. of surviving thyroid slices are incubated for 2 to 3 hours 
in a Ringer’s medium containing radioactive iodide, it is found that as 
much as 60 per cent of the labeled iodine is organically bound, about 50 
per cent as diiodotyrosine and about 10 per cent as thyroxine (1). This 
procedure has been used to study the mechanism of the formation of thy- 
roxine and diiodotyrosine by the thyroid gland. Thus it was shown that 
the synthesis of these compounds by thyroid tissue is linked with aerobic 
oxidations in which the cytochrome-cytochrome oxidase system partici- 
pates (2). 

The present investigation deals with the formation in vitro of thyroxine 
and diiodotyrosine by thyroid tissue from added inorganic iodide in cases 
in which the inorganic iodide (I'*”) added to the reaction flasks containing 
300 mg. of thyroid tissue was varied from 0 to 50 y. It is shown here that 
the conversion of the added iodide to thyroxine and diiodotyrosine is in- 
hibited when the amount of inorganic iodide in the medium surrounding 
the thyroid slices exceeds 20 y. 


EXPERIMENTAL 


The preparation of slices of thyroid gland of the sheep has been described 
elsewhere (1). As a rule, slices were prepared from ten glands and placed 
in a large Petri dish containing a bicarbonate-Ringer’s solution. Slices 
were selected at random, blotted on filter paper, quickly weighed, and 
transferred to a 25 cc. Erlenmeyer flask containing 3 cc. of a bicarbonate- 
Ringer’s solution. The bicarbonate-Ringer’s medium used was essentially 
the same as that described by Krebs and Henseleit (3). The iodide I™ 
was prepared in a small volume of isotonic sodium chloride, and this was 
added to the stock solution of isotonic sodium chloride used in the prepara- 
tion of the medium. The 3 cc. of medium contained in each reaction flask 
were saturated with a gas mixture consisting of 5 per cent carbon dioxide 
and 95 per cent oxygen before the addition of the thyroid slices; the at- 
mosphere above the solution and slices was displaced with this same gas 


* Aided by grants from the Commonwealth Fund and the Committee for Research 
in Endocrinology of the National Research Council. 
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mixture immediately before the flask was placed in the constant tempera- 
ture water bath and again after the Ist hour of incubation. The flasks 
were gently agitated during their 2 hour stay in a constant temperature 
bath maintained at 38°. 

The I?’ content of the medium was varied by adding to each 3 cc. of 
bicarbonate-Ringer’s solution contained in the reaction flask the required 
amount of potassium iodide dissolved in 0.1 cc. of distilled water. It is 
estimated that the I'*’ in the bicarbonate-Ringer’s solution due to impuri- 
ties in the reagent quality salts used in its preparation amounted to 0.1 y 
per cc. 

The entire contents of the flask were analyzed for thyroxine I", diiodo- 
tyrosine I"*', and inorganic iodide I' according to a procedure described 
elsewhere (1). Each of these fractions in Experiments | and 2 was inde- 
pendently measured; in Experiments 3, 4, and 5 inorganic iodide was 
obtained by difference. 


Results 


The results shown in each table represent a single experiment in which 
the thyroid slices for its six to twelve flasks were selected at random from 
a single batch of slices prepared from several sheep glands at one time. The 
amount of thyroid tissue added to each flask was kept as constant as 
possible; the amounts added varied from 300 to 321 mg. The iodide I™ 
present in the flasks was varied from 0.3 to 50.3 y; 0.3 y was the amount 
present in each 3 cc. of bicarbonate-Ringer’s solution as an unavoidable 
impurity. 

The recoveries of the added I in the form of thyroxine, diiodotyrosine, 
and inorganic iodide are recorded in Columns 4, 5, and 6 of each table. 
The micrograms of Ringer’s I'*’ converted to thyroxine in each flask were 
obtained by multiplying the value shown in Column 3 by the respective 
value shown in Column 4; the micrograms of Ringer’s I'*’ converted to 
diiodotyrosine were obtained by multiplying the value in Column 3 by the 
value in Column 5. These calculated values are recorded in Columns 
7 and 8. 

Experiment 1 (Table I) shows that, as the concentration of I’ in the 
medium surrounding the thyroid slices was increased from 0.3 to 10 7, 
the amounts of the Ringer’s I'*’ converted to thyroxine and diiodotyrosine 
also increased. When, however, the I'*’ content of the Ringer’s medium 
was raised to 20 and 50 y, less of it was organically bound in these two 
compounds than when the medium of the reaction flask contained only 
10 y. Thus when 300 mg. of thyroid slices were deposited in Ringer’s 
media containing 10.3, 20.3, and 50.3 y of I'*’, the following amounts of the 
Ringer’s I were converted to thyroxine : 0.82, 0.26, and 0.12 y respectively; 
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Thyroid Inorganic Per cent of Ringer’s I'*' recovered as Ringer’s I'*” converted to 
Flask No tissue in a an 
flas flask Thyroxine a Inorganic | Thyroxine a 
1 (3) 4 5 6 7 s 
mg Y 7 Y 
l 307 0.3* 7.3 73.2 18.1 0.02 0.22 
2 306 0.3* 7.3 66.8 22.2 0.02 0.20 
3 321 1.3 8.2 61.7 23.4 0.11 0.80 
4 314 1.3 8.5 61.8 22.3 0.11 0.80 
5 305 5.3 5.9 43.7 44.9 0.31 2.3 
6 300 5.3 5.0 43.4 46.7 0.27 2.3 
7 300 10.3 8.2 49.2 0.84 5.1 
8 309 10.3 7.7 42.8 39.6 0.79 | 4.4 
9 314 20.3 1.4 11.7 84.0 0.29 2.4 
10 309 20.3 1.2 | 10.3 83.5 0.24 | 2.1 
11 312 50.3 0.30 | 1.6 98.4 0.15 0.80 
12 311 50.3 0.10 | 1.5 
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TABLE I 


Experiment 1 


0.20 | 3.0 92.2 
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* These amounts were not added to 


the Ringer’s medium; their presence was due 


to impurities in the reagent grade chemicals used in the preparation of the media. 


TaB_Le II 


Experiment 2 





Thyroid Inorganic 
Flask No tissue in .. _) gall a mempeans aaa 

==  ~ Thyroxine haw Inorganic | Thyroxine hon 
(1) 2 3) (4) (5 6 (7) (8) 

me. Y Y Y 
l 302 0.3* 9.4 45.0 2.2 0.03 0.14 
2 304 0.3* 10.9 47.6 41.2 0.03 0.14 
3 300 5.3 9.9 47.7 40.9 0.53 2.5 
+ 303 5.3 8.6 36.0 56.0 0.46 1.9 
5 302 10.3 5.3 22.8 72.0 0.55 2.3 
6 302 10.3 6.4 24.8 68.2 0.66 2.6 
7 304 15.3 4.8 17.5 74.5 0.73 2.7 
8 300 15.3 5.5 19.9 76.6 0.84 3.0 
4 304 20.3 4.5 16.6 78.5 0.91 3.4 
10 303 20.3 6.1 18.4 75.5 1.24 3.7 


Per cent of Ringer’s I'*! recovered as 


Ringer's I'?” converted to 














* See foot-note to Table I. 
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the amounts converted to diiodotyrosine were 4.8, 2.2, and 1.1 y respec- 
tively. These values are the averages of those recorded in Table I. 
No inhibitory effect was observed in Experiment 2 (Table II), but in 
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this experiment the amounts of I’ added to the reaction flask did not 
exceed 20 y. 
Taste III 


Experiment 3 


Thyroid Inorganic Per cent of Ringer’s I!" recoveredas /|Ringer’s I'*’ converted to 
Flask No tissue in —, 
flask *'flask Thyroxine bane Inorganic | Thyroxine eee 
l 2 3 4 5) 6 7 s 
me 7 y Y 
] 305 0.3* 10.4 65.3 24.3 0.03 0.20 
2 300 0.3* 11.8 70.2 18.0 0.04 0.21 
3 301 0.3* 10.9 69.6 19.5 0.03 0.21 
4 302 10.3 11.1 59.0 29.9 1.1 6.1 
5 300 10.3 7.7 45.2 47.1 0.79 4.7 
6 303 10.3 9.2 50.0 10.8 0.95 5.1 
7 306 20.3 +.9 29.6 65.5 1.0 6.0 
Ss 301 20.3 5.9 33.7 60.4 1.2 6.58 
9g 302 20.3 6.3 31.3 62.4 1.3 6.4 
10 305 50.3 1.7 9.7 SS .6 0.85 4.9 
1] 302 50.3 0.80 6.5 92.7 0.40 3.3 
12 305 50.3 0.60 5.9 93.5 0.30 3.0 


* See foot-note to Table I. 


TaBLe IV 


Experiment 4 


Thyroid Inorganic Per cent of Ringer's I'* recovered as Ringer's I'2” converted to 
Flask No. tissue in ——, * 

Gass flask Thyroxine oe Inorgani Thyroxine oom 
l 2 3 + 5 6 i 8 
me Y Y 

I 310 0.3* 8.6 72.9 18.5 0.03 0.22 

2 301 0.3* 8.4 77.0 14.6 0.03 0.23 
3 301 5.3 7.4 56.6 36.0 0.39 3.0 
} 305 5.3 §.2 49.3 15.5 0.28 2.6 
5 313 10.3 3.9 31.1 65.0 0.40 3.2 
6 300 10.3 3.9 25.9 70.2 0.40 2.7 
7 300 20.3 2.3 15.7 82.0 0.47 3.2 
8 300 20.3 2.3 16.6 81.1 0.47 3.4 
9 305 50.3 0.50 2.5 97.0 0.25 1.3 
10 304 50.3 0.50 Se 95.8 0.25 1.9 


* See foot-note to Table I. 


Experiments 3 and 4 (Tables III and IV) bring out quite well the in- 
hibitory action of inorganic iodide. In both experiments the largest 
amounts of Ringer’s I?’ converted to thyroxine and diiodotyrosine occurred 
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in those cases in which 20 y had been added to the medium surrounding the 
thyroid slices. From 1.0 to 1.3 y of Ringer’s F was incorporated into 
thyroxine when 20 y of I’? had been added (Experiment 3). As little as 
0.3 y was converted to thyroxine when 50 y had been added. In Experi- 
ment 4, the amounts of Ringer’s I'*’ converted to thyroxine were cut in 
half when the concentration of I?’ in the medium was raised from 20 to 
50 y. A decreased conversion of inorganic iodide to diiodotyrosine was 
also found under the conditions mentioned above. 

When the concentration of Ringer’s I'*’7 was changed from 20.3 to 50.3 y 
in Experiment 5 (Table V), thyroxine formation at the expense of Ringer’s 
[7 was reduced to about the same extent as that observed in Experiment 4. 


TABLE V 


Experiment 5 


Thyroid Inorganic Per cent of Ringer’s I"! recoveredas /Ringer’s I'*" converted to 
“Incl .—. ~ iodide [!27 =" 
Flask No —- one iesitine Diiodo- I — Diiodo- 
fas nyroxine tyrosine norganic yroxine tyrosine 
1 2 3 4 5 6) (7 (8) 
mg Y Y Y 
1 300 0.3* 10.6 45.6 43.8 0.03 0.14 
2 300 0.3* 8.7 42.9 48.4 0.03 0.13 
3 305 20.3 2:2 6.1 91.7 0.45 1.2 
4 305 20.3 = 6.9 91.0 0.43 1.4 
5 305 50.3 0.50 2.4 97.1 0.25 1.2 
6 300 50.3 0.40 2.4 97.2 0.20 1.2 


* See foot-note to Table I. 


The amounts of Ringer’s I'*’ converted to diiodotyrosine were about the 
same in the samples containing 20 and 50 y. 
DISCUSSION 

The concentration of added inorganic iodide at which inhibitory effects 
upon the conversion of inorganic iodide (in the medium surrounding the 
thyroid slice) to thyroxine and diiodotyrosine were observed was not 
the same in the five experiments. Definite inhibition was found in Ex- 
periments 1, 3, 4, and 5. In Experiment 1, inhibition was observed 
between 10 and 20 y. In Experiment 2, in which the amounts of I'’ 
added did not exceed 20 y, no inhibition was noted. In Experiments 3 
and 4 inhibitory effects were not observed before the 50 y level. Such 
differences are not surprising, for it is not to be expected that the thyroid 
glands, although uniform with respect to the various samples of a single 
experiment, were uniform throughout all five experiments with respect 
to their iodine content or functional activity. Not only were the sheep 
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obtained from different parts of the country, but the experiments were 
conducted at different times of the year. 

The data recorded in Tables I to V furnish no information as to the 
amounts of thyroxine and diiodotyrosine formed from their organic pre- 
cursors present inside the slice at the time the gland was excised from the 
animal. If, however, none is formed from these precursors, the values 
shown in Columns 7 and 8 of the tables represent the total amounts of 
thyroxine and diiodotyrosine synthesized during the course of the experi- 
ment. If, as seems more likely, iodine present in the gland before it was 
put into the reaction flask is also incorporated into newly formed thyroxine 
and diiodotyrosine, then the amounts shown in Columns 7 and 8 are less 
than the total amounts formed. 

Various explanations of the inhibitory effects of iodide observed here 
are considered below. 

Penetration of Ringer’s Iodide into Thyroid Slice (Permeability)—The 
rate of transport of the outside iodide to the actual sites of thyroxine and 
diiodotyrosine formation inside the thyroid slice is obviously a factor 
involved in the amounts of thyroxine and diiodotyrosine formed in the 2 
hour period of incubation. This raised the question whether the inhibitory 
effect observed here could result from a diminished amount of iodide reach- 
ing the site of reaction. To assume that the inhibitory effect is due to a 
diminished penetration of iodide would involve the inference, untenable 
at first thought, that the greater the concentration of iodide in the medium 
surrounding the thyroid slice (between 10 and 50 y) the less iodide reaches 
the site of reaction. Schachner has measured the amounts of I’ that 
entered surviving thyroid slices when the Ringer’s media contained 10, 
20, and 50 y of inorganic iodide.! The procedure for this type of measure- 
ment has been described elsewhere (4). The largest amounts of Ringer’s 
I? entered the slices that were incubated in the media containing 50 7 
of 17, 

Iodination of Enzymes Concerned with Conversion of Inorganic Iodide 
to Thyroxine and Diiodotyrosine—Herriott has shown that iodine inactivates 
pepsin by reacting with the tyrosine of this enzyme (5). After complete 
iodination he was able to recover over 80 per cent of the iodine as diiodo- 
tyrosine. These findings suggest that the inhibitory effects observed here 
on the formation in vitro of thyroxine and diiodotyrosine are brought 
about by iodination of an enzyme or enzymes concerned with the conversion 
of inorganic iodide to thyroxine and diiodotyrosine. If this should be 
true, inorganic iodide would serve not only as a precursor of thyroxine and 
diiodotyrosine but also as an agent for regulating the concentration of the 
enzyme in thyroid tissue concerned with their formation. 


1 Schachner, H., unpublished observations. 
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Inhibition of Formation of an Intermediate in Synthesis of Thyroxine 
and Diiodotyrosine—The presence of increased concentrations of organic 
iodide may serve to depress the formation of a substance intermediate in 
the conversion of inorganic iodide to thyroxine and diiodotyrosine. In 
the scheme of Johnson and Tewkesbury, hypoiodous acid (HIO) is proposed 
as an intermediate in the formation of thyroxine (6). If this is assumed 
to be true, the inhibition of the formation of an intermediate by iodide 
may be visualized as follows: 

(1) I- + oxidizing agent — I, 

(2) I, + H,O 2 HIO + H+ 4+I- 

In any system in which the amount of I, formed in Equation 1 is not a 
function of the amount of I- present (e.g. the amount of I, formed would 
be limited if the specific oxidizing agent were used up by I-) the presence 
of excess I~ would decrease the formation of HIO in the scheme shown in 
Equation 2. 

It is of interest to note here that Li has shown that the rate of iodination 
of tyrosine at pH 7.4 is mainly dependent upon the concentration of hypo- 
iodous acid (7). From kinetic studies, he was also able to demonstrate 
that inorganic iodide inhibits the formation of diiodotyrosine. 


SUMMARY 


1. 300 mg. of thyroid slices were incubated in a bicarbonate-Ringer’s 
medium to which 1, 5, 10, 15, 20, and 50 y of I*’ as inorganic iodide were 
added. The inorganic iodide of the medium was labeled with radioactive 
iodine (I). The recovery of radiothyroxine and radiodiiodotyrosine 
therefore served to measure the amounts of the medium’s I’ converted 
to these two compounds. 

2. Inorganic iodide inhibited the formation of thyroxine and diiodotyro- 
sine at the expense of inorganic iodide of the medium. An inhibitory effect 
on the conversion of Ringer’s I'*’ to thyroxine and diiodotyrosine was 
observed in one experiment between the levels of 10 and 20 y and in three 
experiments between 20 and 50 y. 

3. Possible mechanisms by which inorganic iodide inhibits the forma- 
tion of thyroxine and diiodotyrosine are discussed. 
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MERCAPTURIC ACIDS 


V. THE METABOLIC FORMATION OF p-FLUOROPHENYLMERCAPTURIC 
ACID FROM FLUOROBENZENE* 


By LESLIE YOUNG anp 8S. H. ZBARSKY 
(From the Department of Biochemistry, University of Toronto, Toronto, Canada) 


(Received for publication, April 19, 1944) 


The question of whether or not fluorobenzene shares with chlorobenzene 
(2), bromobenzene (3), and iodobenzene (4) the property of giving rise to 
mercapturic acid formation in the animal body has hitherto remained un- 
answered. From the work of Coombs (5) it is known that the administra- 
tion of fluorobenzene has an effect on the sulfur metabolism of the dog. 
Coombs observed that when the compound was given to dogs either sub- 
cutaneously or by mouth it brought about a rise in the neutral sulfur con- 
tent of the urine. He pointed out, however, that this increase was small 
compared with that produced by the other monohalogen-substituted ben- 
zenes under similar conditions. Coombs noted that shortly after the ad- 
ministration of fluorobenzene this compound could easily be detected by 
its odor in the breath of the animal, and he suggested that the disparity 
in the effects produced by fluorobenzene and chlorobenzene on sulfur ex- 
cretion might be related in part to the greater volatility of fluorobenzene. 
An increase in neutral sulfur excretion following the administration of a 
foreign organic compound is of uncertain value as evidence of mercapturic 
acid excretion, and as no work directed towards the isolation of a mercap- 
turic acid from the urine of animals dosed with fluorobenzene appears to 
have been reported, the investigation described herein was undertaken. 

In Paper IV of this series (6) the synthesis of p-fluorophenylmercapturic 
acid was described and an account was given of the isolation of this com- 
pound from the urine of rats which had ingested p-fluorophenyl-l-cysteine. 
In the present work it has been possible to show that fluorobenzene is con- 
verted to a mercapturic acid in the rat. Fluorobenzene was administered 
to rats by stomach tube or by subcutaneous injection and from the urine of 
the dosed animals a compound was isolated which was identified as p-fluoro- 
phenylmercapturic acid on the basis of its analysis and a comparison of its 
properties with those of the synthetic compound. 

EXPERIMENTAL 

The sample of fluorobenzene (Eastman Kodak Company) which was 

used in the present work boiled at 84-85°. p-Fluorophenylmercapturic 


* A preliminary report of the work described herein was presented at a meeting of 
the Toronto Biochemical and Biophysical Society held on February 17, 1944 (1). 
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acid was synthesized by the method described in Paper IV of this series 
(6). It melted! at 158-159° and for a 1 per cent solution in ethanol its 
specific rotation was [a]24 = —20°. 

Isolation of p-Fluorophenylmercapturic Acid from Urine—The method 
used to isolate p-fluorophenylmercapturic acid from the urine of rats dosed 
with fluorobenzene was similar in principle to that used to isolate this com- 
pound from the urine of rats which had ingested p-fluoropheny]-l-cysteine 
(6). The two main steps in the procedure were the repeated extraction 
of the acidified urine with chloroform and the separation of the mercapturic 
acid from the combined chloroform extracts. 

The urine was made acid to Congo red by the addition of concentrated 
hydrochloric acid and was allowed to stand overnight. It was then ex- 
tracted six times with portions of chloroform, each equal in volume to that 
of the acidified urine. Each portion of chloroform was shaken vigorously 
with the urine for 10 minutes and the emulsion which formed was broken 
by centrifuging. The chloroform extracts were filtered, combined, and 
allowed to stand over anhydrous sodium sulfate. The dried chloroform 
solution was filtered and reduced to a small volume by distillation on a 
water bath. The remaining chloroform was then removed by evaporation 
under reduced pressure and a dark oily residue which contained some crys- 
talline material was obtained. The whole residue was dissolved in a few 
ml. of chloroform which had been thoroughly washed with water, dried, 
and distilled immediately before use. The chloroform solution was con- 
centrated to a small volume and cooled in a freezing mixture. The crys- 
talline precipitate which separated was filtered and washed with small 
portions of cold chloroform. It was then dissolved in ethanol and the solu- 
tion was decolorized with charcoal, filtered, and evaporated to dryness. 
The residue was crystallized from aqueous ethanol and colorless crystals 
of pure p-fluorophenylmercapturic acid were obtained. 

The isolation procedure described above differed from that used pre- 
viously (6) in that the urine was extracted with six, instead of three, por- 
tions of chloroform. The need for more than three extractions with chloro- 
form was first suggested by the results of two recovery experiments. In 
each of these experiments 0.100 gm. of synthetic p-fluorophenylmercapturie 
acid was dissolved in 100 ml. of normal rat urine. The urine was then 
treated as described above except that in the first experiment it was ex- 
tracted three times with chloroform and in the second experiment six 
extractions with chloroform were made. The amount of pure mercapturic 
acid recovered was 0.067 gm. in the first experiment and in the second it 
was 0.082 gm. In two experiments in which the mercapturic acid was 
isolated from the urine of rats dosed with fluorobenzene nine chloroform 


1 All melting points reported herein are uncorrected. 
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extractions were performed. In both cases the first three extracts were 
found to contain most of the mercapturic acid, the second three extracts 
contained a small quantity, and the third three extracts did not contain 
a significant amount of the compound. 

In the isolation of p-fluorophenylmercapturic acid from the urine of rats 
which had ingested p-fluorophenyl-l-cysteine (6) the residue obtained on 
evaporation of the chloroform extracts consisted of little more than the 
mercapturic acid and readily yielded the pure compound on crystallization 
from aqueous ethanol. On the other hand, the evaporation of the chloro- 
form extracts of the urine of rats dosed with fluorobenzene yielded a resi- 
due which contained a high proportion of oily material. It was found, 
however, that the mercapturic acid could be separated from the oil by 
making use of the high solubility of the oil and the low solubility of the 
mercapturic acid in cold chloroform. 

In order to test the effectiveness of the isolation process employed in 
the present work a recovery experiment was performed with urine col- 
lected from a group of rats which had been dosed with fluorobenzene by 
subcutaneous injection. From a 100 ml. portion of this urine 0.114 gm. 
of pure mercapturic acid was isolated. To another 100 ml. portion of this 
urine was added a neutralized solution (2 ml.) of 0.050 gm. of synthetic 
p-fluorophenylmercapturic acid. This urine yielded 0.161 gm. of mercap- 
turic acid, which represents a recovery of 94 per cent of the added com- 
pound. 

Excretion of p-Fluorophenylmercapturic Acid Following Administration 
of Fluorobenzene to Rats by Stomach Tube—Male white rats were used in the 
experiments in which fluorobenzene was administered by stomach tube. 
The animals were housed in metabolism cages which permitted the collec- 
tion of urine separate from the feces. They were fed on a diet which con- 
sisted of Master Fox Breeding Ration (Toronto Elevators Limited) supple- 
mented with fresh milk daily and whole wheat bread twice a week. In 
order to avoid contamination of the urine with fallen food the rats were 
fed in a separate cage twice daily for periods of 1 hour each, and the urine 
excreted during these periods was not collected. The animals had access 
to drinking water at all times. The urine excreted by the rats while they 
were in the metabolism cages was collected daily from the time of adminis- 
tration of the first dose of fluorobenzene until 2 days after the last dose of 
the compound had been given. The collected urine was stored in the re- 
frigerator. 

Six rats were each given 0.25 ml. of fluorobenzene by stomach tube daily 
for 4 days and during this period their average body weight fell from 273 
gm. to 232 gm. In the same period the average body weight of a group 
of six undosed rats which were fed and housed under the same conditions 
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fell from 266 gm. to 256 gm. The dosed animals received a total of 6.1 
gm. of fluorobenzene and when the isolation procedure described above was 
applied to the urine 0.202 gm. of a colorless crystalline product was ob- 
tained. This material melted at 158-159° and when it was mixed with 
synthetic p-fluorophenylmercapturic acid, m.p. 158-159°, the melting 
point was unchanged. When analyzed the compound yielded the follow- 
ing results. 
Ci,H.O:FNS. Calculated. C 51.33, H 4.70, N 5.45, S 12.47 
Found. °R..”6 a,” Be, ee 

The specific rotation of a 1 per cent solution of the compound in ethanol 
was [a] = —19°. 

The determination of its equivalent weight by titration with 0.01 n 
sodium hydroxide solution yielded 260. The calculated equivalent weight 
of p-fluorophenylmercapturic acid is 257. 

On the basis of these various findings it appeared that the compound 
isolated from the urine in the above experiment was p-fluorophenylmercap- 
turie acid. This was supported by the results of experiments (described 
later) in which the compound was submitted to decomposition by acid and 
by alkali. 

A second group of six rats was dosed with fluorobenzene by stomach tube 
under the conditions of the first experiment. Each rat received 0.25 ml. 
of fluorobenzene daily for 4 days. The animals received a total of 6.1 
gm. of fluorobenzene and from their urine 0.312 gm. of crystalline product 
was obtained. This material melted at 158-159°, and had a specific rota- 
tion of [a]? = —19° fora 1 per cent solution in ethanol. During the ex- 
periment the average weight of the animals in the group fell from 268 gm. 
to 238 gm. 

Excretion of p-Fluorophenylmercapturic Acid Following Administration 
of Fluorobenzene to Rats by Subcutaneous Injection—The conditions of 
housing and feeding the rats and the collection of urine were the same in 
the experiments in which fluorobenzene was injected subcutaneously as 
in those in which the compound was given by stomach tube. Male white 
rats were used in the experiments. 

In an experiment with six rats 0.25 ml. of fluorobenzene was injected 
daily for 4 days under the skin of the back of each animal. Although 
this amount of fluorobenzene did not kill any of the rats, they were in 
poor condition at the end of the dosing period and their average body 
weight had fallen from 288 gm. to 254 gm. These rats received a total 
of 6.1 gm. of fluorobenzene and from their urine 0.189 gm. of colorless 
crystals was isolated by means of the procedure already described. This 
product melted at 158-159°, and when it was mixed with synthetic p-fluoro- 
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phenylmercapturic acid the melting point was not depressed. On analysis 
the isolated compound yielded the following results. 


ce 


Ci:H:0;FNS. Calculated. C 51.33, H 4.70, N 5.45, S 12.47 
Found. 51.44, “ 4.83, “ 5.46, “12.75 


The specific rotation of the compound was [a] = —19° for a 1 per cent 
solution in ethanol. 

The conclusion that the compound obtained from the urine in the above 
experiment was p-fluorophenylmercapturic acid was supported by the 
results of experiments in which it was decomposed by acid and by alkali. 

In a similar experiment to that just described another six rats were each 
given 0.25 ml. of fluorobenzene by subcutaneous injection daily for 4 days 
and during this period their average weight fell from 281 gm. to 254 gm. 
From their urine was isolated 0.349 gm. of crystalline product which 
melted at 158-159° and which had a specific rotation of [a] = —19° for 
a 1 per cent solution in ethanol. 

Decomposition, by Alkali and by Acid, of Compound Isolated from Urine 
of Rats Dosed with Fluorobenzene—The experiments described below were 
performed in order to test the conclusion that the compound isolated from 
the urine of rats dosed with fluorobenzene was p-fluorophenylmercapturic 
acid. 

A study was first made of the decomposition of synthetic p-fluorophenyl- 
mercapturic acid by alkali. 0.050 gm. of the synthetic compound was 
heated with excess of 2 nN sodium hydroxide solution in a boiling water 
bath. Ammonia was evolved during the heating process, and when the 
solution was cooled and acidified with hydrochloric acid a milky precipitate 
formed which settled as an oil on standing. The oil was probably p-fluoro- 
phenyl mercaptan. It had a strong mercaptan odor, it was soluble in 
ether, and when dissolved in aqueous ethanol it decolorized iodine solution 
with the formation of an oily precipitate. In this connection it should be 
noted that Seyhan (7) reported that he was unable to obtain a crystalline 
disulfide bythe oxidation of p-fluorophenyl mercaptan. When the com- 
pound isolated from the urine of rats dosed with fluorobenzene was sub- 
jected to experiments of the type described above, it behaved in the same 
manner as the synthetic mercapturic acid and no difference could be de- 
tected in the odors of the oily products which were formed on acidification 
of the solutions obtained after heating the isolated and synthetic com- 
pounds with an excess of 2 N sodium hydroxide solution. 

Suitable conditions for the conversion of p-fluorophenylmercapturic acid 
to p-fluoropheny]-i-cysteine by acid hydrolysis were determined by means of 
experiments with the synthetic mercapturic acid. These conditions were 
then employed in the decomposition of the compound isolated from the 
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urine of rats dosed with fluorobenzene by stomach tube. 0.162 gm. of this 
compound was boiled under a reflux for 1 hour with 5 ml. of 25 per cent 
(by volume) sulfuric acid. The solution was cooled in ice, filtered, and the 
filtrate was made neutral to Congo red by the addition of ammonia. The 
crystalline precipitate which formed was filtered, washed with water, and 
after being dried over phosphorus pentoxide in vacuo it weighed 0.097 gm. 
On analysis it vielded the following results. 
CsH,oO:FNS. Calculated, C 50.20, H 4.68; found, C 50.28, H 4.70 


It decomposed at 180-183° and had a specific rotation of [a]? = +13° for 
a 1 per cent solution in 0.1 N sodium hydroxide. Synthetic p-fluorophenyl- 
l-cysteine decomposes at 180-183° and has a specific rotation of [a]? = 
+ 13° for a 1 per cent solution in 0.1 N sodium hydroxide (6). In an experi- 
ment similar to that described above, 0.146 gm. of the compound isolated 
from the urine of rats dosed with fluorobenzene by subcutaneous injection 
was decomposed by acid. The crystalline product which was obtained 
weighed 0.096 gm. It showed the same decomposition point and specific 
rotation as synthetic p-fluorophenyl-l-cysteine and when analyzed it 
yielded the following results. 
C,H,.0.FNS. Calculated, C 50.20, H 4.68; found, C 50.23, H 4.66 


The results of the decomposition experiments all supported the conclu- 
sion, reached on other grounds, that the compound isolated from the urine 
of rats dosed with fluorobenzene was p-fluorophenylmercapturic acid. 

DISCUSSION 

A description has been given of the isolation of a crystalline compound 
from the urine of rats dosed with fluorobenzene by stomach tube or by 
subcutaneous injection. This compound has been identified as p-fluoro- 
phenylmercapturic acid on the basis of its analysis, melting point, melting 
point when mixed with synthetic p-fluorophenylmercapturic acid, specific 
rotation, behavior on decomposition with alkali, and by its conversion to 
p-fluorophenyl-l-cysteine by acid hydrolysis. In two experiments in 
which rats were given fluorobenzene by stomach tube the amounts of the 
mercapturic acid which were isolated corresponded to 1.2 and 1.9 per cent 
of the fluorobenzene administered. When fluorobenzene was injected 
subcutaneously into rats, 1.2 per cent of the compound was obtained from 
the urine in the form of the mercapturic acid in one experiment and 2.1 
per cent in another. In every experiment the amount of mercapturic acid 
isolated was small in relation to the amount of fluorobenzene administered. 
It should be noted, however, that not all of the mercapturic acid excreted 
by the rats was isolated in these experiments. The urine excreted while 
the rats were in the feeding cage was not collected and a small proportion 
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of the urine was lost in this way. Some loss of mercapturic acid also oc- 
curred in the isolation process, although the results of recovery experiments 
suggest that such loss was not great. 

The investigations of numerous workers have established that chloro- 
benzene, bromobenzene, and iodobenzene are metabolized by various 
mammalian species in such a way as to give rise to the corresponding p-halo- 
gen-substituted phenylmercapturie acids. As a result of the present 
finding that p-fluorophenylmercapturic acid is synthesized from fluoro- 
benzene in the rat, the generalization can now be made that all the mono- 
halogen-substituted benzenes have been shown to be converted to mercap- 
turic acids in vivo. 


SUMMARY 


p-Fluorophenylmercapturic acid has been isolated from the urine of rats 
following the administration of fluorobenzene by stomach tube or by sub- 
cutaneous injection. The isolated compound has been identified by analy- 
sis and by comparison of its properties with those of synthetic p-fluoro- 
phenylmercapturic acid. 


One of us (S. H. Z.) is indebted to the Banting Research Foundation for 
a personal grant. 

The microanalyses reported herein were performed by Mr. Michael 
Edson. 
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INVESTIGATIONS OF AMINO ACIDS, PEPTIDES, AND 
PROTEINS 


XVI. A SOURCE OF ERROR IN THE MANOMETRIC NINHYDRIN METHOD 
FOR THE ANALYSIS OF AMINO ACIDS AND ITS SUPPRESSION 
BY THE USE OF HYDRAZINE* 


By HERMANN F. SCHOTT, LOUIS B. ROCKLAND, anp MAX 8, DUNN 


(From the Chemical Laboratory, University of California, Los Angeles) 
(Received for publication, April 12, 1944) 


A method for the analysis of a-amino acids based on the manometric 
measurement of carbon dioxide liberated by the action of ninhydrin was 
reported by Van Slyke, Dillon, MacFadyen, and Hamilton (2) in 1941. 
It was found that this method is specific for a-amino acids and gives quanti- 
tative results at some pH between 1 and 5. Improvements in the proce- 
dures were described in subsequent papers by MacFadyen (3), Hamilton 
and Van Slyke (4), and Van Slyke, MacFadyen, and Hamilton (5). 

It has been found by the present authors that net pressures higher than 
the theoretical Poo, values result when several of +he amino acids are ana- 
lyzed by the manometric procedure described. The formation of certain 
aldehydes which distil into the manometric chamber and affect unequally 
the two pressure readings is believed to be the source of thiserror. A simple 
modification of the method devised to overcome this difficulty and a series of 
test data are reported in the experimental part. 


EXPERIMENTAL 


Apparatus—The portable Van Slyke-Neill apparatus (6) was used to 
measure carbon dioxide. The calibrated glass spoons and alkali storage 
vessels were patterned after those of Van Slyke and Folch (7) and the adapt- 
ers, clamps, glass rods, and mercury bottle after those of MacFadyen (3).! 

Reagents—Ninhydrin purchased from the University of Illinois was pul- 
verized and stored in a dark bottle.2 Solid citrate buffers of pH 2.5 and 4.7, 
2.0 N lactic acid solution, 5.0 N sodium hydroxide solution, and nearly 
carbon dioxide-free 0.5 N sodium hydroxide solution were prepared accord- 


* For Paper XV in this series see Dunn et al. (1). This work was aided by grants 
from the Gelatin Products Company, Merck and Company, Inc., and the University 
of California. 

‘In some of the experiments on methionine the all-glass vessels advocated by 
Hamilton and Van Slyke (4) were employed. 

* The later experiments utilized ninhydrin prepared by Mr. R. C. Bovie as a stu- 
dent exercise, using the procedure of Teeters and Shriner (8). 
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ing to the directions given by Van Slyke et al. (2), and solutions of 0.5 x 
sodium hydroxide and of 2.0 n lactic acid in 25 per cent sodium chloride 
according to the directions of MacFadyen (3). A solution of 0.5 N sodium 
hydroxide and 0.15 m hydrazine was prepared by dissolving 5 gm. of hy- 
drazine sulfate in 200 to 230 ml. of carbon dioxide-free distilled water in a 
250 ml. volumetric flask, cooling the mixture in ice, adding 12.2 ml. of 16.7 
nN sodium hydroxide solution, and adding distilled water to the mark. The 
solution was thoroughly mixed and transferred to a storage vessel designed 
to protect the alkali solution from contamination by carbon dioxide.’ 
A second solution of 0.5 N sodium hydroxide and 0.15 m hydrazine was 
prepared in the same manner except that the reagents were made up in 25 
per cent sodium chloride solution rather than distilled water. 

Amino Acids—An approximately 100 to 200 mg. sample of the amino 
acid‘ was weighed to 0.1 mg. and transferred to a 25 or 50 ml. calibrated 
volumetric flask. The sample was dissolved and the solution diluted to 
volume with sufficient distilled water or dilute hydrochloric acid. All 
solutions not analyzed at once were preserved in the refrigerator. 

Experimental Procedures—A 1 ml. aliquot of the amino acid solution 
was transferred to the reaction flask with a calibrated pipette. Solid buffer 
(50 mg.) and, if the pH of the solution was not at the desired level, the 
required quantity of trisodium citrate were added. The adapter was put 
in place, the solution was evacuated for 2 minutes, the adapter was removed, 
and about 50 mg. of ninhydrin were added. The adapter was replaced 
and the solution was evacuated for 10 seconds. The flask was sealed (3), 
placed in a rapidly boiling water bath for a measured period, and trans- 
ferred to a 37-39° bath. After approximately 2 minutes the flask was 
removed from the bath and connected immediately with the manometric 
apparatus (3) which previously had been charged with one of the four types 
of 0.5 N sodium hydroxide solution. 

The carbon dioxide resulting from the reaction with ninhydrin was 
measured by each of the following three procedures. 

Original Technique—The procedure described by Van Slyke et al. (2) 
and MacFadyen (3) for the absorption of the carbon dioxide in a 0.5 N 
solution of sodium hydroxide in water or in 25 per cent sodium chloride 
solution was followed. The complete absorption of the carbon dioxide was 
insured by lowering the mercury eleven times in analyses with reagents 
containing distilled water and six times with reagents containing 25 per 
cent sodium chloride solution as solvents. Following these manipulations 
the mercury level was raised to the middle of the chamber, the upper cock 


* This solution was essentially the same as that used by Van Slyke and Folch (7) 


for combustion analysis of carbon. 
* Amino Acid Manufactures’ c. Pp. or A. P. grade or Merck and Company’s. 
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was closed, and the reaction flask was removed.’ The remaining manipu- 
lations were carried out as described by Van Slyke et al. (2), except that, 
after the addition of the lactic acid, the apparatus was shaken for 5 minutes 
with the mercury level at the 50 ml. mark to equilibrate the carbon dioxide 
in the two phases. 

Double Equilibration Technique—The original technique was followed 
except that the residual gases and the alkaline lactate solution were equili- 
brated with the mercury level at the 50 ml. mark before the pressure (p2) 
was read at 2 ml. volume. In practice the pz value measured by the “‘dou- 
ble equilibration technique” was usually determined immediately after the 
pz value by the “original technique” had been recorded. 

Hydrazine Technique—This technique differed from the “original tech- 
nique” only in that a 0.5 nN sodium hydroxide and 0.15 m hydrazine (in 
water or sodium chloride solution) solution was used as absorbent for the 
carbon dioxide. 

Blank values, established for distilled water and all reagents except nin- 
hydrin, were about 0.5 mm. lower by the ‘‘double equilibration” than by 
the “original technique.” 

Calculations—Factors for converting the differential pressures to milli- 
moles were calculated from the data given by Van Slyke et al. (2) for 0.5 n 
sodium hydroxide and 2.0 n lactic acid, by Van Slyke and Folch (7) for 
similar solutions containing hydrazine, and by MacFadyen (3) for reagents 
containing 25 per cent sodium chloride with and without hydrazine. In 
the latter case it was assumed that hydrazine has a negligible effect on the 
solubility of carbon dioxide. The manometric chamber was calibrated 
according to the directions of Peters and Van Slyke (9) and all other volu- 
metric apparatus by standard procedures. 

In most of the experiments the reaction mixture was buffered at pH 2.5 
and the carbon dioxide was measured with reagents made up in 25 per cent 
sodium chloride (3) (see Table I). A few amino acids were also analyzed 
with reaction mixtures buffered to pH 4.7 (see Table II). Reagents made 
up in distilled water only (2) were used to measure the carbon dioxide 
evolved in a few experiments to test the effect of salt (Table IV). 

DISCUSSION 

It was observed with most of the amino acids that the liberation of 
carbon dioxide was completed during the first few minutes of heating. In 
other cases heating was prolonged until the pressure readings were constant 
or dependable rate curves established from which the values for carbon 
dioxide at the standard times could be determined by interpolation. 

5 If, before the upper cock is closed, nearly all of the gas is returned to the reaction 


flask by raising the mercury level nearly to the 2 ml. mark, the excess pressure is 
somewhat less than that obtained by the described procedure. 
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TABLE I 


Manometric Analyses of Various Amino Acids by Means of Reaction with Ninhydrin 
at pH 2.6 with Salt-Saturated Reagents 

















Original technique ~~ Ege Hydrazine technique 
aS 4 CO: per mole | ¢ CO: per mole | 2 COs: per mole 
= amino acid = amino acid = amino acid 
Amino acid Ph nll E E . & — 
mina- | 2 2 lz 2 12 : 
Pit : S Mean 3 8 = g Mean . § = jb Mean Pa: 
63 $2] 55 $3] 6s $3 
Z =*\z = |z = 
pa os moles | aod moles fad mole pod 
dl-‘Alanine 36 5 11.022 | 0.5) 4 {1.016 | 0.2} 5 {1.002 | 0.4 
dl-Isoleucine 30 1 |1.137 1 |0.996 | 2 10.999 | 0.0 
1(—)-Leucine 32 5 /1.145 | 0.8) 1 {1.023 | 3 |1.001 | 0.3 
dl-N orleucine 36 1 j1.041 | 1 {1.012 | 1 |1.000 
dl-Norvaline 38 | 1 11.056 | l |! 030 1 |1.005 
dl-Valine 18-36} 12 |1.122 | 5.5) 2 (0.982* | 0.7) 4 [1.001 | 0.2 
Asparagine monohydrate | | 
natural form) 35 | 1 /1.011 | 1 {1.008 3 |1.006 | 0.4 
dl-Aspartic acid 20 1 |2.002 1 {1.998 3 j1.991 | 0.5 
dl-Phenylalanine 38 | 2 11.000 0.2} 2 0.998 | 0.3) .3 1.001 | 0.3 
1(+)-Arginine monohy- | 
drochloride 24 5 |1.005 0.6) 2 {1.001 0.5) 1 |1.004 
l(+)-Glutamie acid 35 1 }0.996T | 1 |0.996 1 |0.997 
Z(—)-Histidine 28 3 |0.998 0.2) 2 0 997 0.2} 3 {1.000 0.2 
dl-Serine 40 1 |1.001 | 1 {1.001 2 10.998 | 0.1 
dl-Threonine 39 1 (0.996 | 1 (0.996 2 |0.995 0.2 
l(—)-Tyrosine 38t§ 1 {1.000 | 1 |1.000 1 |1.001 
dl-a-Aminocaprylic acid. .| 32§ 411.000 | 0.5) 3 {1.001 | 0.6) 9 (0.942 | 2.7 
l(—)-Cysteine hydro- 
chloride 30 1 (0.982)! 1 0.981 0.964 
l(—)-Cystine 8§ 1 (2.049 | 1 {2.045 2.099 
a-Amino-a-ethyl-n- 
butyric acid 37 0.224 
Glycine 40 2 10.922 0.4; 1 (0.918 4 |0.920 0.4 
dl-Lysine dihydrochlo- 
ride 20 1 |1.070** 1 |1.069** 1.094 
l(—)-Tryptophane 21 0.949 
dl-Methionine 30-36) 20 {1.011 0.4)14 |1.011 0.5) 6 {1.009 0.4 
l(—)-Proline 34 1.024 1.024 1.024 
l(—)-Hydroxyproline 30 3 j1.001 | 0.1} 1 |1.000 2 10.998 | 0.2 


























Unless otherwise indicated, the values entering into the means listed resulted 
from reaction times sufficiently long to yield steady values. 

* Value low because of insufficient number of lowerings of the mercury. 

+t The glutamic acid was dissolved in 0.024 n hydrochloric acid, the solution was 
not neutralized, and the pH was about 2.1 after the addition of buffer. 

t The volume of the aliquot was 2 ml. and 50 mg. of ninhydrin were used. 
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TaBLeE I—Concluded 

§ The amino acid was dissolved in dilute hydrochloric acid. Each sample was 
brought to pH 2.5 with the requisite amount of buffer of pH 4.7 before the 50 mg. of 
buffer of pH 2.5 were added. 

|| The reaction time was 10 minutes. 

{ The quantity of carbon dioxide evolved in 7 minutes was estimated by interpola- 
tion of the curve given in Fig. 1. 

** The reaction time was 5 minutes. 


The data given in Table I indicate that the mean values obtained in 
the analysis of alanine, isoleucine, leucine, norleucine, and norvaline by 
the “original technique” are from about 2 to 13 per cent higher than the 
theoretical amounts. The errors with these amino acids are reduced in 
analyses by the “double equilibration technique,” while they are negligible 
by the ‘hydrazine technique.’”’ The latter was the less satisfactory only in 
the case of a-aminocaprylic acid. This result may be explained by the 
formation and deposition on the surfaces of the manometric chamber of a 
coating of thin white leaves which impaired the absorption of the carbon 
dioxide. It seems probable that this product is heptylidenehydrazine 
which, according to Darapsky and Adamezewski (10) crystallizes as lus- 
trous white leaflets melting at 133-136°. The 2.0 N lactic acid solution, 
added subsequently, dissolved this product. 

The behavior of those amino acids observed to give abnormal values even 
by the hydrazine technique is represented by the curves given in Fig. 1. 
Although glycine is abnormal (Table I), no curve is shown, since the evolu- 
tion of carbon dioxide stops in a few minutes (Table V). Although 
cysteine reacts more slowly than cystine and all but a few of the other 
amino acids, approximately the theoretical amount of carbon dioxide is 
finally liberated. The observation that more than the expected 2 moles 
of carbon dioxide is produced from cystine at pH 1, 2.5, and 4.7 differs 
from that of Van Slyke et al. (2) who obtained less than 2 moles of carbon 
dioxide at pH 2.5 and 4.7. It seems probable that the expected 1 mole of 
carbon dioxide would result from a-amino-a-ethyl-n-butyrie acid if the 
reaction time were prolonged to 2 to 3 hours, although it may be assumed 
from the data in Table II that the original technique would give an errone- 
ously high value. 1 mole of carbon dioxide is evolved rapidly from lysine 
and a 2nd mole at a slower rate, decreasing with increase in acidity of the 
medium. Carbon dioxide is liberated from tryptophane slowly at pH 2.5 
in amounts approaching those obtained at pH 4.7 (Table II). 

The relatively high values found with certain amino acids by the original 
technique indicate that some volatile substances in addition to carbon 
dioxide were present. Since there was marked improvement by the double 
equilibration technique, it seems probable that these substances were 


9 
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not acids. Because the odor of the fluid ejected from the manometric 
chamber was strongly aldehydic when the original or the double equilibra- 
tion technique was used and was pleasant and slightly ammoniacal, but not 
aldehydic, when the hydrazine technique was employed, it was assumed 
that the volatile substances were aldehydes. According to Abderhalden 
(11) aldehydes are formed by the reaction of these amino acids with 
ninhydrin. Apparently, hydrazine acts to suppress the “‘aldehyde error” 
by transforming aldehydes to products of low volatility. 
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Fic. 1. The course of reaction of some amino acids with 50 mg. of ninhydrin in 
1 ml. at 100°. Cystine at pH 2.5 O, at pH 1.0 (0.1 n HCl) A, at pH 4.7 O, lysine at 
pH 4.7 @, at pH 2.5 A, cysteine at pH 2.5@, tryptophane at pH 2.5 X, a-amino-a- 
ethyl-n-butyric acid at pH 2.5 +, at pH 4.7 @, proline at pH 2.5 ©. 


The following experiments were performed in order to determine the 
effect of pure aldehydes on the analysis by the ninhydrin method of carbon 
dioxide liberated from sodium carbonate. 1 ml. of 0.035 m sodium car- 
bonate solution, 0.1 ml. of a 0.4 m solution of a pure aldehyde, and about 70 
mg. of a buffer mixture of pH 2.5 contained in a glass cup of about 150 mg. 
capacity attached to a glass stilt were placed in a reaction flask. The flask 
was evacuated and sealed in the usual manner, the buffer was spilled by 
upsetting its container, the flask was placed for 5 minutes in a boiling water 
bath, and the liberated carbon dioxide was determined by the ninhydrin 
procedure, as previously described. It may be noted from the results of 
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these experiments shown in Table III that the carbon dioxide found in the 
presence of n-butyraldehyde, propionaldehyde, and isobutyraldehyde by 
the original technique is in excess of the theoretical amount by about 1, 3, 
and 8 per cent, respectively. It is evident, also, that the carbon dioxide 


TaB_e II 
Manometric Analyses of Various Amino Acids by Means of Reaction with Ninhydrin 
at pH 4.7 with Salt-Saturated Reagents 
CO: found per mole amino acid 


analyzed 
Quantity \ . 





Amino acid per deter- Double 
mination Original equilibra- | Hydrazine 
technique tion technique 
| technique 

micromoles moles moles moles 
PO eee | 36 1.002 
i(+)-Arginine monohydrochloride...........| 24 1.006 | 1.006 1.005 
Asparagine monohydrate (natural form)....| 35 17050 
NS a ee ae ee bukient 8* 1.98f 
a-Amino-a-ethyl-n-butyric acid <b 37 0. 282t | 0.264f | 0.22t 
Glycine. . . 39 0.974 | 0.974 0.976 
| 0.979 | 0.978 | 0.972 
l(—)-Leucine a. 32 1.000 
dl-Lysine dihydrochloride 20 1.27t 
l(—)-Tryptophane er: 21 0.987 | 0.988 0.983 
dl-Methionine hottie 30-36 1.010 | 1.010 1.014 
1.009 | 1.009 1.017 
l(—)-Proline ere 34 1.011§ | 1.012 1.010 
| 1.007 1.009 

Se DOR URROMRG. .<50.< 5 50s <icmesaiclne tes 30 1.016 | 1.006 

| 0.996 0.996 

| 1.005 


| } 





Unless otherwies indicated, the values entering into the listed means resulted 
from reaction times sufficiently long to yield steady values. 

* The cystine was dissolved in 0.1 n hydrochloric acid. Immediately before the 
ninhydrin was added, 20 mg. of trisodium citrate dihydrate and 50 mg. of buffer of 


pH 4.7 were added to bring the pH to 4.7. 

t The quantity of carbon dioxide evolved in 6 minutes was estimated by interpola- 
tion of the curve given in Fig. 1. 

t The reaction time was 10 minutes. 

§ Mean of five determinations, with a mean deviation of 0.5 per cent. 


present and that found by the hydrazine technique agree, in each case, 
within negligible limits of experimental error.. 

Distilled water was used by Van Slyke et al. (2) as the solvent for the 
reagents employed for the analysis of amino acids, whereas MacFadyen 
(3) utilized 25 per cent sodium chloride solution for this purpose. The 
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carbon dioxide could be determined more accurately by the latter method 
because of its relatively low solubility in salt solutions. 

The present authors’ experimental data (Tables I, II, and IV) strongly 
support the view that the ‘“‘aldehyde error” is accentuated by the use of 
reagents containing sodium chloride. By the original technique values for 
leucine, isoleucine, and valine more than 4 per cent higher than the the- 
oretical amount were obtained even with reagents prepared with distilled 
water. On the other hand, it was found, in harmony with the results of 
Van Slyke et al. (2), that the analysis of alanine with “distilled water 
reagents”’ gives the theoretical value by any of the three stipulated tech- 
niques. 

It was considered desirable for practical purposes to determine the 
approximate time required for 99.9 per cent completion of the reaction of 


Taste III 
Effect.of Aldehydes on Manometric Analysis of Sodium Carbonate with Salt-Saturated 
Reagents 


CO: found per mole NazCOs present 


Aldehyde — 
Original technique ye ayt oy | ——, tech- 
moles moles | moles 3 
None 1.002 1.001 0.998 
Propionaldehyde ” 1.027 1.007 1.006 
n-Butyraldehyde 1.014 1.004 0.998 
Isobutyraldehyde 1.081 1.006 1.003 


the amino acids with ninhydrin. The desired information was calculated 
by means of the first order law (2, 4) 
3h; 


j= 
, —log (1 van 2)) 


Values of ¢; and zx; for the amino acids which react normally were derived 
from analyses at pH 2.5 and 100° with 1 or 2 minute time intervals. Corre- 
sponding data for the amino acids which react abnormally were obtained by 
interpolation from the curves given in Fig. 1. 

It is of practical interest to note (Table V) that, of all the amino acids 
studied, only a-amino-a-ethyl-n-butyric acid, cysteine, and valine require 
more than 7 minutes under the indicated conditions for the liberation of 
99.9 per cent of the expected amount of carbon dioxide. Of some theoreti- 
eal significance are the observations that the rate of evolution of carbon 
dioxide is increased by lengthening the carbon chain except in the case of 
glycine, as well as by introducing substituents except a-alkyl, 8-alkyl, 
8-indole, and 8-sulfhydryl groups. It appears, further, that the isomeric 
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amino acids norleucine, leucine, isoleucine, and aminoethylbutyrie acid 
react at rates decreasing in the order given. 

The data obtained by means of the manometric ninhydrin method appear 
to be’as reliable as other quantitative procedures for the determination of 
purity of amino acids. The evidence on which this conclusion is based 
is given in Table VI. In the case of glycine the values are sufficiently 
consistent to be dependable, although the results obtained from the analysis 
of 30 to 40 micromoles of this amino acid with 50 mg. of buffer and 50 mg. of 


TABLE IV 
Manometric Analyses of Various Amino Acids by Means of Reaction with Ninhydrin 
at pH 2.5 with Salt-Free Reagents 


Original technique Double equilibration Hydrazine technique 
te eer © CO: per mole 5 CO: per mole x COs per mole 
Amino acid deter- 35 amino ac 2 Zé amino acid 35 aniae acid 
"tion S z Mean | S 2 Mean | S 3 Mean 
-£— | Mean | devia oe | Mean | devia~| =— | Mean | devia- 
7 thon 7, tion vA tion 
4 moles | Fe: | moles pan moles | en 
di-Alanine 35 3 1.004; 0.1 3 1.002) 0.0 ] 1.006 
dl-Aspartic acid 20 1 1.992 ] 1.990 
l(+)-Glutamic 
acid 35* 1 | 0.993 
dl-Isoleucine 30 2° | 1.054; 0.0 2 0.999) 0.7 
l{—)-Leucine 32 2 1.046; 0.4 2 1.005) 0.8 2 1.000) 0.1 
dl-N orleucine 36 2 1.012; 0.1 2 1.006; 0.0 
dl-N orvaline 37 2 1.006; 0.2 2 1.000, 0.2 
dl-Valine 35 2 1.044) 0.3 2 1.010; 0.2 
dl-Methionine 31 3 1. 2 1.006; 0.3 


004; 0.3 


Unless otherwise indicated, the values entering into the listed means resulted 
from reaction times sufficiently long to yield steady values. 

* The glutamic acid was dissolved in 0.024 nN hydrochloric acid, the solution was 
not neutralized, and the pH was about 2.1 after the addition of buffer. 


ninhydrin in 1 ml. of water must be multiplied by 1.083 for reactions run 
at pH 2.5 and by 1.025 at pH 4.7. It was assumed in deriving these factors 
that the glycine preparation (Table V1) was analytically pure. However, 
Van Slyke et al. (2) found glycine to react quantitatively at pH 4.7. 

Lysine and cystine evolve additional carbon dioxide so rapidly under 
the experimental conditions that no accurate empirical rules could be de- 
vised. According to Van Slyke et al. (2) lysine may be determined most 
satisfactorily by the ninhydrin method if the reaction is conducted at pH 
1.0. Cystine might best be determined by reduction followed by the nin- 
hydrin analysis of the resulting cysteine. 
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At the present time analyses by the ninhydrin method of amino acids 
in biological materials have only comparative value. The accuracy of such 
data is unknown and could be determined only from a study of the interac- 
tions of the naturally occurring amino acids. Although such investigations 
were not made, a solution containing an approximately equimolar mixture 
of seventeen amino acids*® found in protein hydrolysates was analyzed. The 
solution used for this purpose was prepared by dissolving the pure amino 


TaBLe V 
Time Required for Decarborylation of Various Amino Acids in Approximately 0.03 u 
Concentration by 5 Per Cent Solution of Ninhydrin at 100° and pH 2.4 





Amino acid | + Time Amino acid Time 
min. | min. 
l(—)-Hydroxyproline 1.2* | dl-e-Aminocaprylic acid 3.2f 
l(—)-Lysine 1.2¢ | l(—)-Leucine 3.4* 
l(—)-Histidine 1.4* | dl-Threonine | 3.78 
l(—)-Tyrosine 1.9* | dl-Serine........ | €° 
Asparagine (natural) 3.37 dl-N orvaline 4.2* 
l(+)-Arginine 2.5* | dl-Methionine 4.5* 
dl-Phenylalanine 3.7? dl-Isoleucine wee ot OO 
i(—)-Cystine 2.9t | l(—)-Tryptophane | 6.3§ 
Glycine 2.9* | dl-Alanine. , oe 
l(+-)-Glutamic acid 2.9* dl-Valine.... 8.3* 
dl-Aspartic acid. 3.0* | l(—)-Cysteine | 12.0 
l(—)-Proline 3.2t | a-Amino-a-ethyl-n-butyric 
dl-Norleucine 3.2° acid | 


* The time required to reach 99.9 per cent of the 10 minute value was estimated by 
the first order law from a 1 or 2 minute value obtained by means of the hydrazine 
technique. 

t The time required to reach the theoretical value was interpolated from the ap- 


propriate curve in Fig. 1. 

t The time required to reach 99.9 per cent of the theoretical value was estimated 
by the first order law from a 2 minute value obtained by means of the original tech- 
nique. 

§ The time required to reach 99.9 per cent of the asymptotic value was interpolated 


from the appropriate curve in Fig. 1. 
|| 90 per cent of the theoretical value was obtained in 90 minutes. 


acids, each weighed to 0.03 mg., in 0.112 nN hydrochloric acid, transferring 
the mixture to a 25 ml. volumetric flask, and diluting the solution in the 
flask to the mark. 1 ml. aliquots of this solution were analyzed with the 


results shown in Fig. 2. 


* The following amino acids were employed in concentrations ranging from 1.55 
to 3.96 ma per liter of solution: dl-alanine, /(+)-arginine monohydrochloride, dl- 
aspartic acid, /(—)-cystine, [(+)-glutamic acid, glycine, /(—)-histidine, dl-isoleucine, 
l(—)-leucine, dl-lysine dihydrochloride, dl-norleucine, dl-phenylalanine, dl-seriae, 
dl-threonine, [(—)-tryptophane, [(—)-tyrosine, and dl-valine. 
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It is of interest that the values obtained by either the double equilibra- 
tion or the hydrazine technique agree closely with those estimated by 
summation of the values interpolated from the experimental curves repre- 
senting the rates at which carbon dioxide was liberated from each of the 
seventeen amino acids as measured by the hydrazine technique. Further- 
more, approximately 1 mole of carbon dioxide per unit of reactive carboxyl 
was formed in 6 to 8 minutes at 100° and pH 2.5. It is evident that the 
error is about 2.5 per cent when the carbon dioxide is measured by the 
original technique with reagents made up in 25 per cent sodium chloride 





! T T T T 
1 O3- A 4 
ray 
. 02 
VY 
! 
is) 1\OlF 4 
> re) ee 
7 SS a : 
VU 
< (to—_—_———_——— ae te _ _ —— 
° 
© / 
3° °°) / 4 
a 0.985 © = 
# 
go 97r ~ 
U 
go " 
iH | i J L 1 i 1 











i 
0 2 4 6 8 10 l2 14 16 8 20 
REACTION TIME IN MINUTES 


Fia. 2. The reaction of a mixed amino acid solution with ninhydrin at pH 2.5 and 
100°. The curve is drawn through points calculated from the data previously ob- 
tained by study of the reactions of the individual amino acids with ninhydrin by the 
hydrazine technique. The open symbols represent measurements made with reagents 
containing 25 per cent sodium chloride, while the solid symbols represent measure- 
ments with salt-free reagents. Measurements made by the original technique are 
plotted as triangles, those by the double equilibration technique as squares, and 
those by the hydrazine technique as circles. 


solution. Analyses run at pH 4.7 proved less satisfactory, the estimated 
value and that measured directly by the hydrazine technique being approxi- 
mately 101 and 102.5 per cent, respectively, of the theoretical amount. 


Theoretical Considerations 


In its most general form the manometric method for measuring a gaseous 
substance in a 2-phase system may be described as follows: 

Step 1—The gaseous phase is brought into equilibrium with an aqueous 
phase, the gas volume being G,, the aqueous volume S, and the Ostwald 
distribution constants a,, for substance A, ai» for substance B, ete. 

Step 2—The gas is compressed rapidly to a volume a at temperature ¢ 
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Estimated Per Cent Purity of Purified Amino Acids Based on Ninhydrin 
(Hydrazine Technique) and Other Methods of Analysis 




















Impurities Purity 
Amino acid See Dre eS eo orl | 
Moisture} Ash | !morganic! ‘titra. spam ng | 
tion . 
dl-a-Aminocaprylic acid <0.04 100.1 + 0.4* 
dl-Alanine , <0.016 100.2 + 0.3 
1(+-)-Arginine monohydrochloridet ..|<0.01 |<0.02 |<0.004 100.5 + 0.4 
Asparagine monohydrate (natural){..| 11.89 <0.04 | 98.4f) 99.4+0.4f 
dl-Aspartic acid <0.003 <0.004/100.0 | 99.6+0.3 
l(—)-Cysteine hydrochloride§ <0.004) 98.6 | 99.3 
1(—)-Cystine|| <0.02 |<0.004 101.24 
a-Amino-a-ethyl-n-butyric acid <0.05 <0.004| 99.9 >90 
i(+)-Glutamiec acid <0.004) 99.6 | 99.5+0.2 
Glycine <0.02 |<0.026)<0.004| 99.9 97.6 + 0.1** 
l(—)-Histidine <0.04 99.9 + 0.2 
l(—)-Hydroxyproline <0.15 99.8 + 0.2 
dl-Isoleucine <0.08 <0.02 |<0.004/100.1 99.8 + 0.2 
l(—)-Leucineft <0.02 99.7 | 100.0+0.2 
dl-Lysine dihydrochloridett 109§§ 
dl-Methionine <0.01 |<0.02 |<0.004! 101.1 + 0.4 
dl-N orleucine <0.06 <0.02 |<0.004)100.2 | 100.140.5 
dl-Norvaline <0.01 |<0.004/100.0 | 100.2 + 0.3 
dl-Phenylalanine |<0.04 |100.0 | 100.0+0.3 
l(—)-Proline <0.15 | 101.0+0.3 
dl-Serine § <0.03 <0.04 |<0.004/100.3 99.9+0.1 
dl-Threonine <0.15 | 99.6 + 0.1 
l(—)-Tryptophane*** <0.004 98.3 + 0.2 
l(—)-Tyrosinettt <0.02 $0.02 |<0.004)100.5 | 100.14 0.1 
dl-Valine <0.01 1100.0 | 100.1 + 0.2 
| 





All of the listed amino acids with three exceptions were synthesized or isolated, 
purified, and analyzed in the authors’ laboratory. dl-Threonine, /(—)-proline, and 
l(—)-hydroxyproline were Merck products, stated to contain less than 0.15 per cent 
inorganic ions and, respectively, 11.6 to 11.9, 12.0 to 12.3, and 10.6 to 10.8 per cent of 
nitrogen. 

* By the “original technique.” 

t The purity was 100.5 per cent according to Volhard analysis of chloride. 

t The moisture analysis gave 99.0 per cent of the theoretical, the Kjeldahl analysis 
of nitrogen 99.5 per cent, the formol titration 101.6 per cent, and the ninhydrin 
analysis 100.6 per cent. On the assumption that the sole impurity is anhydrous 
aspartic acid the purity of the preparation in asparagine monohydrate corresponding 
to the above analytical data is, respectively, 99.0, 99.0, 98.4, and 99.4 per cent. 

§ The purity was 97.0 per cent according to Kjeldahl analysis of nitrogen. 

The purity was 99.0 per cent according to Kjeldahl analysis of nitrogen and 103.3 
per cent by sulfur analysis. 

© Value obtained in 8 minutes at pH 1.0. 
4.7 and 104.5 in 7 minutes at pH 2.5. 


The value was 99.0 in 6 minutes at pH 
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TaBLeE VI—Concluded 


** Value obtained at pH 4.7. The value at pH 2.5 was 92.3. 
tt Contained less than 0.1 per cent methionine. 
tt The purity was 99.6 per cent according to Volhard analysis of chloride. 
§§ Value obtained in 7 minutes at pH 2.5. 
The purity was 100.0 per cent according to Kjeldahl analysis of nitrogen and 
100.6 per cent by Van Slyke manometric analysis of amino nitrogen. 
€ The purity was 100.2 per cent according to Van Slyke manometric analysis of 


amino nitrogen. 
*** The purity was 97.2 per cent according to Kjeldahl analysis of nitrogen. 
ttt The purity was 99.6 per cent according to Kjeldahl analysis of nitrogen. 


and pressure p. Reabsorption reduces the consequent supersaturation in 
the gaseous phase of the soluble components A, B, etc., by the factors 
jis; jis, ete. 

Step 3—The volume of the aqueous phase is altered to S; and the Ostwald 
distribution constants are changed to a24, a2, etc. The system is equili- 
brated at the gas volume G2. 

Step 4—The gas is again compressed to the volume a at pressure pe. 
Reabsorption reduces the supersaturation of each component by the factors 
jea,y Joe, eter 

Generalization of Van Slyke and Neill’s (12) Equation 5, with a change 
in the form of the reabsorption correction, leads to the following expression 
for the contribution P, of N, millimoles of component A to the total differ- 
ential pressure, 

a 17 ,024(1 + 0.003842) l 


4 a a4 Gi.-a. 
l+7a'y.,{1l t+ Jia 


Since, after the addition of alkali all of the carbon dioxide is in solution, 
i. a2, = © where A is COs, and since G; = a in the original technique, 
this expression simplifies to Van Slyke and Neill’s equation (with a changed 
reabsorption coefficient). Substitution of the value of Van Slyke e¢ al. 
(2) for the distribution coefficient of carbon dioxide (at 25°) and the values 
of the other constants for the original technique leads to an expression for 
E,, the relative effectiveness of A (any component) and carbon dioxide in 
contributing to the total differential pressure. 





N 1 1 
B, 2° 4} — — x 1.064 
. Poo, E + 0.0640’, , (1 > 22.5714) l a fea] 


N co, 
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Analogous expressions are readily derived for the relative effectiveness, 
E% and E%, in the respective double equilibration and submicromethods. 
Although there are no a’ values in the literature for aldehyde vapors, the 
relation a’ = 16,700 — (S/J), where J is the vapor pressure and § the molal 
solubility of a liquid or solid, holds at least in the neighborhood of satura- 
tion. Solubility values are available for a few aldehydes and vapor 
pressures may be estimated from boiling points. Some estimated values of 
a’ in water for several aldehydes and the values of £,, E2, and FE, calculated 
from these and other values of a’ on the assumption that 01H140).4 =ai,= 
a4 are given in Table VII. It is evident from a consideration of these data 
and those given in Table IV that the values of EZ, for ji, = 0.1 are approxi- 
mately in the same range of magnitude as the experimental “aldehyde 
errors.”’ Insufficient data are available to explain the higher excess pressure 


Taste VII 


Relative Contribution of Different Substances to Total Differential Pressures of 
Particular 2-Phase Systems 








»D D 
Substance a’ in water! BE. E, {j “A iy FA 1) EY 

| [fs = 0) | [i = 0.1) je = 0.1] (je = 0.1} | [ja = 0.1) 

Acetaldehyde ea 360 0.040 0.012 0.002 0.008 0.004 
Propionaldehyde. . 178 | 0.090 | 0.023 | 0.004 0.016 | 0.008 
Isobutyraldehyde 158 | 0.100 0.026 | 0.004 | 0.016 | 0.009 
Butyraldehyde 124 | 0.124 | 0.033 | 0.006 | 0.020 | 0.012 
Hypothetical substance 30 | 0.32 0.115 | 0.017 | 0.063 | 0.043 
| 10 | 0.56 | 0.27 | 0.033 | 0.129 | 0.117 

CO; (if a’, = a’;). 0.83 | 0.53 0.448 | 0.010 | 0.106 | 0.499 
DY Ee wanted 0.031] 0.027 | 0.027 | 0.011 | 0.006 | 0.157 





observed with valine than with norvaline. The increase in E, which 
accompanies a decrease in a’ corresponds to the experimental finding that 
the ‘‘aldehyde error’’ is accentuated by the incorporation of sodium chloride 
in the reagents, thus decreasing their solvent power for non-polar sub- 
stances. The relatively low values for E4 (based upon the greater super- 
saturation of the gas phase with a resultant greater reabsorption of alde- 
hyde vapors) indicate that submicroanalyses performed with the three 
techniques would probably show less divergence than did the microanalyses 
we have reported. 
SUMMARY 
It has been found that net pressures higher than the theoretical Poo, 


values result when some amino acids are analyzed by the manometric meas- 
urement of carbon dioxide liberated by the action of ninhydrin. The 
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formation of aldehydes which exert an appreciable partial pressure was 
considered to be the source of this error. It has been shown that this error 
may be suppressed by the use of reagents containing hydrazine. 

A series of values has been presented denoting the behavior of various 
amino acids in reactions with ninhydrin at 100° at several pH levels by use 
of reagents with and without sodium chloride and hydrazine. It has been 
found that the theoretical values and those obtained with the hydrazine 
technique were in close agreement for eighteen of the twenty-four amino 
acids investigated. 

It has been concluded from the evidence presented that certain pure 
amino acids may be analyzed individually and collectively with high accu- 
racy by the hydrazine technique. The physical chemistry of the errors 
introduced by an extraneous volatile substance as a function of its properties 
and the conditions of the analysis is briefly treated. 
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The literature reveals numerous investigations (1) of the elementary 
composition of acid-precipitated casein but no recorded analyses of the 
percentage content of the elements of casein as it exists in the caseinate- 
phosphate complex in milk. 

In this investigation a procedure for the separation of the casein complex 
from the other milk constituents by means of the Sharples supercentrifuge 
and the ultimate analysis of this complex is given. Also, experiments are 
described demonstrating the true chemical character of the calcium phos- 
phate fraction of the complex. From the results of this investigation, the 
elemental composition of the calcium caseinate fraction and casein was then 
calculated. 

Comparison of the results of the elemental composition of the casein 
obtained by this procedure with the values given in the literature for acid- 
precipitated casein should indicate whether the caseinate undergoes any 
change in elemental composition by acid precipitation other than substitu- 
tion of hydrogen for calcium. 


Preparation of Calcium Casetnate-Calcium Phosphate Complex 


The bowl (approximately 300 ml. capacity) of the Sharples super- 
centrifuge was lined with a celluloid sheet and spun slowly until filled with 
distilled water. The speed of the bowl was then increased to 50,000 
R.P.M. and 500 ml. of skim milk at 5° were run slowly into the bow] through 
a fine capillary, the rate of feed being such that about 20 minutes elapsed 
between the beginning and the end of the introduction of the skim milk. 
The skim milk was followed by 300 ml. of cold distilled water, with the 
speed of the bow! still at 50,000 r.p.m. The deposited caseinate was 
removed from the celluloid liner and ground sufficiently fine so that, when 
dispersed in 500 ml. of distilled water, it remained in suspension. This 
diluted suspension was then put through the supercentrifuge in a manner 
similar to that used in centrifuging the skim milk, by first filling the lined 
bowl with distilled water and finally by running in 300 ml. of additional 
water after the introduction of the emulsion. The washing of the complex 
was then repeated in the same manner. The twice washed deposit, which 
contained about 65 per cent of moisture, was allowed to dry in the air on 
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the celluloid sheet, the temperature being maintained at 20° so as to mini- 
mize fermentation. The dried material was then ground to pass a No. 60 
sieve and stored in a securely stoppered glass bottle to prevent loss or gain 
in moisture. Samples for study were removed as desired. This material 
gave a negative test for lactose and chlorides, indicating freedom from 
serum components. However, ether extracted 0.015 per cent of fat; a 
correction was accordingly applied in the calculations of the results of the 
elementary composition. 


Methods of Analysis 


Nitrogen was determined by the semimicro-Kjeldahl method, with about 
30 mg. of material and digestion for 8 hours as recommended by Chibnall, 
Rees, and Williams (2), in a Parnass-Wagner (3) digestion apparatus. 
The value reported is the average of six determinations. Calcium determi- 
nations were made on the ash obtained by incinerating in a muffle furnace 
and analyzing by the official macro volumetric permanganate method 
((4) p. 127) and total phosphorus by the official gravimetric method 
((4) p. 21). Inorganic phosphorus was obtained from the trichloroacetic 
acid filtrate and determined by the strychnine gravimetric method of 
Embden and Fetter (5). Values of four determinations did not differ by over 
0.003 per cent. Organic phosphorus was calculated by determining the 
difference between total and inorganic phosphorus. Moisture was deter- 
mined by heating in a vacuum oven to constant weight, while the tempera- 
ture was not permitted to rise above 105°. Carbon and hydrogen deter- 
minations were made by the procedure outlined by Clark (6), with a 
semimicro combustion furnace described by this author. The official 
sodium peroxide fusion method ((4) p. 132) was used for the determination 


of sulfur. 


Results of Analysis 


The results of the ultimate analysis of the calcium caseinate-calcium 
phosphate complex are shown in the first and second lines of Table I. 

Before the elementary composition of the calcium caseinate and of the 
casein could be calculated from the analysis of the complex, it was first 
necessary to establish the chemical formula of the calcium phosphate 
fraction so that the calcium could be correctly allocated between the 
protein and the inorganic phosphate. 


Chemical Nature of Inorganic Phosphate Associated with Milk Caseinate 


If the value 0.958 per cent obtained for the inorganic phosphorus is 
calculated as the tribasic phosphate, the complex will contain 4.80 per cent 
Ca;P,0s and 95.20 per cent calcium caseinate; or if it is calculated as the 
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dibasic phosphate, the complex will contain 4.21 per cent CaHPO, and 
95.79 per cent calcium caseinate. As indicated in the reactions given 
below, addition of neutral potassium oxalate to the complex composed of the 
easeinate and the dibasic salt will not appreciably change the pH, while, 
on the other hand, if CasP,Oxs is present in the complex, the mixture will 
become more alkaline due to the formation of KsPQ,. 


(1) CaHPO, + K.C.0, = CaC.0, oe K.HPO, 
(2) Ca;sP.0¢ + 3K.¢ 0, => 3CaC.0, + 2K;P0, 


Consequently, increase in alkalinity will only be manifested if the tribasic 
salt is present in the complex. 

The action of neutral oxalate on calcium phosphate has been studied by 
Van Slyke and Bosworth (7) and by Pyne (8) in their investigations of the 
nature of the insoluble inorganic phosphate in milk. They added the 
oxalate to milk and serum, however, and not to the isolated complex. 


TaBLe I 
Per Cent Composition of Calcium Caseinate-Calcium Phosphate Complex 





Phosphorus 














' Oxygen, 
Mois- |Caicium|——— Nitro- |Carbon | H¥4t©- | suitur | by dif- 
0 Organic Inor- ae - | ference 
ganic 

Complex - 10.06; 2.680, 0.667) 0.861, 13.13, 44.76) 5.923) 0.653 

dry basis*. . 2.982} 0.742) 0.958) 14.60) 49.78) 6.587) 0.726 
Calcium caseinatef. . 1.180) 0.780 15.34) 52.29) 6.919) 0.762) 22.73 
Casein 0.789 15.51) 52.88) 6.997) 0.771) 23.05 





* Also ether extract-free. 
+ 95.20 per cent of complex. 


To determine, by the application of this reaction, which compound, the 
dibasic or tribasic phosphate, is associated with the caseinate, the following 
experiment was undertaken. 

Two | gm. samples of the complex were transferred to 200 ml. glass- 
stoppered bottles. To the first were added 50 ml. of distilled water and 
2 ml. of toluene, and to the second 30 ml. of distilled water, 20 ml. of 
neutral 4 per cent potassium oxalate, and 2 ml. of toluene. Each mixture 
was then brought to a pH of 9.08 by adding, in small amounts and with 
occasional shaking, a total of 5.09 ml. of 0.05 N sodium hydroxide to the 
first and 0.48 ml. of 0.05 n hydrochloric acid to the second over a period of 
3days. The final pH of 9.08 was obtained only after holding the suspen- 
sion for 20 hours following the final addition of the alkali or acid. Pre- 
liminary titrations indicated that at a pH of 9.08 the buffer effect was small 
and that any small addition of the standard alkali or acid yielded a distinct 
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change in pH. The sum of the alkali and acid added represented 0.2785 
ml. of normal solution. This value, calculated to represent tricalcium 
phosphate, gave a concentration of 4.81 per cent CasP2Os in the complex, 
which is in good agreement with the value of 4.80 per cent Ca;P2Ox cal- 
culated from the analysis. If the salt had been the dibasic phosphate, 
then the addition of neutral oxalate would not have changed the pH 
perceptibly from that of the sample without oxalate. We have isolated 
complexes that varied slightly in relative proportion of caseinate and 
phosphate from the values given in this paper. Variations that we found 
in percentage content of the two fractions of the complex are explained as 
due to different techniques used in washing the complexes, since difference 
in procedure might alter the relative proportions of the two components. 
These variations give credence to the assertion by some investigators 
(7, 9, 10) that the calcium phosphate is not bound chemically to the 
valcilum caseinate fraction. 

To obtain further evidence of the character of the inorganic phosphate 
fraction, so that the proper proportion of the calcium can be assigned to the 
protein fraction, a comparison was made of the pH of a water dispersion of 
the complex with pH values of a series of dispersions obtained from arti- 
ficially prepared calcium caseinates of known calcium contents. The 
calcium caseinates were prepared from acid-washed and water-washed 
grain curd casein. The grain curd casein was obtained from fresh skim 
milk by precipitation with dilute hydrochloric acid, then washed thoroughly 
with acidulated distilled water, followed with distilled water, and was finally 
subjected to a pressure of 200 pounds for 20 hours to remove as much wash 
water as possible without actually drying the curd. The moist curd was 
then dispersed in distilled water and treated with highly diluted calcium 
hydroxide. During the period of reaction of the casein and calcium 
hydroxide, the mixture was agitated violently. Throughout, the reaction 
was kept below pH 8, and finally adjusted to the desired pH by the addition 
of more casein. The dispersions were then filtered through cheese-cloth 
and the calcium caseinate was freed from the mother liquor by passing the 
dispersions through the supercentrifuge, redispersing in distilled water, and 
recentrifuging. The moist caseinates were then air-dried, ground to pass a 
No. 60 sieve, and analyzed for calcium and inorganic phosphorus. The 
results of the analysis are given in Table II. 

The pH values of 3 per cent water suspensions of these four calcium 
vaseinates are plotted against their calcium percentages in Fig. 1. The pH 
determinations were made with the Beckman glass electrode. For purposes 
of comparison that part of the Palmer and Richardson (11) titration curve 
within similar pH range is included. These authors constructed their 
curve from data obtained by titrating potentiometrically 1 per cent casein- 
water dispersions with standard calcium hydroxide solution. 
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If the inorganic phosphate exists as a tribasic salt, the calcium in excess 
of the requirement of this salt would give a caseinate of only 1.18 per cent 
calcium and, according to the graph, give a pH of 6.40, a value very near to 
that of the milk itself. 

Lack of precise agreement between Palmer and Richardson’s curve and 
ours is undoubtedly due to the marked differences in the methods by which 
the curves were obtained. These authors used a highly purified casein, 


Taste II 
Analysis on Dry Basis of Calcium Caseinate Prepared from Grain Curd Casein 


pH of 3 per cent Phosphorus, Calcium, corrected 


Experiment No dispersion inorganic Calcium, total for Ca in CasPO, 
per cent per cent per cent 
1 6.20 0.020 1.074 1.035 
2 6.59 0.036 1.362 1.292 
3 6.99 0.081 1.728 1.571 
4 7.40 0.088 1.858 1.680 
i 
z 
wl 
Vv, 
4 
w 
a 





CALCIUM BOUND BY CASEIN — 


640 660 680 7200 720 7.40 
pH 
Fie. 1. Relationship between pH and calcium percentage of calcium caseinate. 
Curve A, 3 per cent calcium caseinate emulsion; Curve B, 1 per cent calcium caseinate 
emulsion, ‘‘Palmer and Richardson.”’ 


following, in its preparation, the procedure outlined by Van Slyke (12). 
That differences in base-binding capacity of caseins prepared by different 
methods do exist has been pointed out by Cohn and Berggren (13). 

Thus, having established the existence of only CasP2,O3, and not CaHPOQ,, 
in the complex, we then calculated the ultimate analysis of the calcium 
phosphate fraction and casein from the analytical data of the complex. 
The results are incorporated in Table I (third and fourth lines). 

The value of 1.18 per cent calcium is somewhat higher than the values 
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given in the literature. Sdéldner (10) reports 1.07 to 1.11 per cent, Lehmann 
(14) 1.04 per cent, and Ling (15) 1.00 per cent. We have isolated samples 
of the complex with a calcium content as low as 1.02 per cent calcium 
after correcting the total calcium found by the calcium bound to the 
inorganic phosphorus calculated as CagP2Os. These variations in calcium 
bound by the protein are evidence of differences in milks. Small differences 
could arise also from experimental errors of the methods of analysis; 7.¢., 
errors within the limits of accuracy of the methods. 

In the literature there is no analysis of the elementary composition of 
casein obtained by our procedure, and that the results check, as a whole, 
surprisingly well with analyses of casein obtained by acid precipitation is 
interesting evidence that the changes in physical character through the 
action of acid are not accompanied by a pronounced alteration in its per- 
centage elemental composition. However, the fact that the percentages 
we found for sulfur and phosphorus are somewhat higher than those ob- 
tained for casein repeatedly dissolved by alkali and precipitated by acid 
indicates that such treatment removes a portion of these elements from 
casein. 


SUMMARY 


A new procedure for obtaining the elementary composition of casein 
is described. The technique is to isolate the calcium caseinate-calcium 
phosphate complex from milk by means of the supercentrifuge, analyze the 
complex, and from the results calculate the percentage content of the ele- 
ments of the casein. Such a procedure avoids separation and alteration 
of the casein by chemical means and, in consequence, prevents loss of 
phosphorus and sulfur. Otherwise, the percentage composition of casein 
as determined by this procedure does not differ appreciably from values 
given in the literature. 

Increase in alkalinity of the complex by the addition of neutral potassium 
oxalate indicates the presence of tricalcium phosphate rather than dicaleium 
phosphate in the complex. 

On this basis the complex was found to contain 4.80 per cent CasP20s 
and 95.20 per cent calcium caseinate. 

The calcium caseinate fraction of the complex was found to contain 1.18 
per cent calcium. 

A series of calcium caseinates was prepared from grain curd casein and 
the percentages of calcium were plotted against the pH of 3 per cent dis- 
persions prepared from them. The curve indicates that a caseinate of 
1.18 per cent calcium content would yield a pH of 6.40, which is only 0.07 
pH more acid than the pH of the milk from which the complex was obtained. 

Note—Since the preparation of this paper, an article by de Kadt and 
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van Minnen (16) has come to our attention. These authors described the 
partial fractionation of the complex by means of the Sharples super- 
centrifuge and found that the inorganic phosphate exists as the tribasic 
calcium phosphate and that the ratio between the caseinate and inorganic 
phosphate is not always constant. They also found that slightly more 
phosphate is centrifuged out with the first fraction than with the following 
fractions. 
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In earlier studies (1) it was demonstrated that the oxygen uptake of brain 
tissue brei is greatly enhanced by the addition of iron salts, particularly an 
iron complex formed with the dye o-phenanthroline (Cy.HsN:2), without 
corresponding liberation of CO... A comparison of this effect on breis of 
various other body organs revealed the anomalous behavior of the spleen, 
which, itself unaffected, actually inhibits catalysis of brain oxidation by the 
dye. The inhibitory agent in spleen was identified first with the red blood 
cell, then with hemoglobin. The mechanism of this inhibition is here 
further explored, with fatty acid or a phospholipid fraction of brain as sub- 
strate. These more purified materials were substituted for brain tissue, 
since the oxidations were shown to involve principally the phospholipids 
of brain. 

Method 


Throughout these studies the Warburg technique was employed to 
follow oxygen uptake by the substrates, with added catalyst or hemin 
compound or both. Linoleic acid, obtained from a commercial source, 
was twice distilled in vacuo, and 0.01 cc. was suspended in each vessel in 1.6 
ec. of M/15 phosphate buffer at pH 7.3. The phospholipid was prepared 
from cattle brain in the following manner. 300 gm. of brain were first 
extracted with four 300 cc. portions of acetone, the acetone was filtered off 
(Buchner funnel), and the residue dried in vacuo. This residue was now 
extracted four times with 200 cc. portions of hot aleohol-ether (3:1 mixture), 
the solids were filtered off and discarded, and the alcohol-ether distilled 
invacuo. The phospholipid residue was dissolved in about 200 cc. of ether, 
filtered, and then precipitated from solution with 3 volumes of acetone. 
The resultant product was quickly dried with the aid of a vacuum oil pump 
and kept under nitrogen. It was homogenized in phosphate buffer and 
used in 2 to 40 mg. quantities, more commonly the latter. The catalyst 
here is ferrous-o-phenanthroline, 6 X 10-* m final concentration. The 
hemin compounds tested include hemoglobin purified according to Welker,! 


* Presented before the American Society of Biological Chemists at Boston (Fed- 
eration Proc., 1, pt. 2, 134 (1942)). 
‘Welker, W., personal communication. See also Hawk and Bergeim (2). 
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catalase prepared from liver after Sumner and Dounce (3), and cytochrome 
c obtained from heart (Keilin and Hartree (4)). The hemoglobin was 8 to 
16 < 10-* M (initial solution 0.5 to 1.0 per cent), while the cytochrome, 
4 X 10° m (0.7 per cent initially), contained a comparable amount of 
hemin. Catalase,3 xX 10-°mto3 X 10~-’ M, had at best 0.01 the hemin 
of the other two. All experiments were carried out at 37° in air. 
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Fic. 1. Oxygen uptake of linoleic acid. V7, with 0.0062 m ferrous-o-phenanthroline 
added; A, with 0.0062 m ferrous-o-phenanthroline and 1 per cent hemoglobin added; 
0, with 1 per cent Hb added; O, H;,0 control. 
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Results 


The essential fatty acid, linoleic (Cy;H3;COOH), autoxidizes at a slow, 
though measurable rate, after an induction period of roughly half an hour. 
The iron-dye catalyst, in 6 X 10-* m concentration, increases this rate about 
10-fold; 1 per cent hemoglobin halves this acceleration but itself increases 
the “basal” oxidation 4-fold. These results are presented graphically m 
Fig. 1. Hemoglobin catalysis of unsaturated fatty acid oxidation, though 
much studied, is incompletely understood. Haurowitz et al. (5) suggest 
that the reaction proceeds through an intermediate peroxide stage, and that 
hemoglobin is destroyed in the process. Assuming that catalase would 
attack the organic peroxide involved here, which it might not, this was 
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added to the system in an attempt to keep the reaction from going to the 
right. No such action was demonstrable, but it was incidentally noted 
that catalase, a hemin, up to3 X 10-7 m has no catalytic action. The third 
hemin compound tested, cytochrome c, increases linoleic oxidation approxi- 
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Fig. 2. Oxygen uptake of phospholipid (40 mg. per flask). V, with 0.0062 m 
ferrous-o-phenanthroline added; A, with 0.0062 m ferrous-o-phenanthroline and 1} 
per cent Hb added; 0, with 1 per cent Hb added; O, H,O control. 


mately 50 per cent as much as does the equivalent amount of hemin as 
hemoglobin. 

Cyanide does not inhibit hemin catalysis of oleic acid oxidation (Kuhn 
and Meyer (6)), nor hemoglobin catalysis of linoleic acid oxidation (Robin- 
son (7)), but it does diminish the effect of ferrous-o-phenanthroline on 
oxygen uptake of brain brei (1). If cyanide would inhibit the iron-dye 
catalysis of fatty acid oxidation, then, barring direct combination between 
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the toxic agent and the dye complex, hemoglobin (or hemin) and iron- 
phenanthroline might be acting by two different routes, one sensitive, the 
other insensitive to cyanide. Careful experiments revealed only temporary 
inhibition and suggest that hemoglobin and the dye may be competing in 
the same way for the substrate ; hemoglobin, by virtue of its lower catalytic 
rate, may thus reduce the net catalytic effect. 

Hemoglobin did not increase the oxygen usage of brain brei in the early 
experiments. Brain tissue is high in phospholipid content (about 5 per 
cent; see Bloor (8)), but the suspension used was quite dilute, and perhaps 
for this reason did not respond. Hemoglobin catalysis similarly is not seen 
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Fig. 3. Effect of cytochrome c on oxygen uptake of linoleic acid with cytochrome, 
VY, without cytochrome, A; phospholipid with cytochrome, 0, without cytochrome, 


©. Cytochrome concentration 0.7 per cent, approximately equivalent to 1 per cent 


Hb in hemin content. 


with small amounts of a more purified phospholipid preparation. With 1 
per cent hemoglobin and increasing amounts of phospholipid, catalysis is 
evident; a 7-fold increase in oxygen uptake results when 1 per cent hemo- 
globin is added to 40 mg. of phospholipid (Fig. 2). The iron-dye effect isa 
dramatic 700-fold increase, and this is somewhat depressed by the hemin 
compound. From Fig. 3 it is readily apparent that cytochrome c, which 
elevates linoleic oxygen uptake to 2.5 times the control value, has no effect 
on phospholipid. 
SUMMARY 


Hemoglobin increases the oxidation of essential fatty acid and of phos- 
pholipid, and would probably do the same for a sufficiently concentrated 
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brain suspension. Cytochrome c is effective only with linoleic acid as sub- 
strate, and then but half as effective as hemoglobin. Catalase was non- 
catalytic in the quantities utilized, perhaps because the hemin concentration 
was too low. Ferrous-o-phenanthroline markedly enhances oxidation of 
all substrates used, and hemoglobin depresses these accelerations. Phos- 
pholipids have been designated as a source of intracellular reserve energy 
for bull spermatozoa (Lardy and Phillips (9)). If they serve a similar 
purpose in brain and other tissues (and Gerard and Tupikova (10) have 
shown they are oxidized away in nerve), then hemins, while acting as mild 
catalysts for deriving energy from these reserves, might at the same time 
preserve them from too rapid destruction by more active catalysts. The 
cyanide data presented indicate an identity of mechanism for hemoglobin 
and ferrous-phenanthroline action. If hemoglobin adsorbed on the sub- 
strate partially displaces the more active catalyst, the total catalytic rate 
would be less with both than with only the more active catalyst present. 
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THE CONFIGURATION OF VALYLVALINE IN GRAMICIDIN 


By HALVOR N. CHRISTENSEN 
(From the Department of Biological Chemistry, Harvard Medical School, Boston) 


(Received for publication, April 3, 1944) 


One of the curious problems posed by the polypeptides produced by 
Bacillus brevis is the presence of both d- and J[-valine (1-3) in gramicidin 
hydrolysates. Does an enzyme of this organism fail to differentiate be- 
tween the two optical antipodes? Or is d(—)-valine incorporated specifi- 
cally into one position in gramicidin and /(+-)-valine into a different one, 
just as d(+)-leucine is incorporated into gramicidin (4, 5) and l(—)-leucine 
into tyrocidine (6) by this organism? The separation of the dipeptide 
valylvaline (7) from gramicidin hydrolysates presents an opportunity to 
answer this question. If one assumes that each of the two positions of 
valine in the valylvaline molecule represents a single specific position in 
the gramicidin molecule, then determination of the configuration of the 
valylvaline should show whether or not Bacillus brevis, in elaborating 
gramicidin, differentiates between the two enantiomorphic valines. 

There are possible four isomeric valylvalines and two racemic modifica- 
tions; namely, 


a) {d(—)-Valyl-d(—)-valine 

\l(+)-Valyl-l(+)-valine (Abderhalden and Vlassopoulos (8)) 
(2) |d(—)-Valyl-l(+)-valine (Fischer and Scheibler (9)) 
\d(+)-Valyl-d(—)-valine 


The preparation isolated from gramicidin might be any one of the four 
isomers (provided that its optical rotation is small), or either racemic form, 
or any other mixture of the isomers. In this investigation, comparison 
with synthetic valylvaline derivatives showed that the isolated dipeptide 
was the optically inactive dl mixture, d(—)-valyl-d(—)-valine + 1(+)- 
valyl-l(+)-valine. Evidence was obtained indicating that appreciable 
quantities of the other two isomers were not present in the hydrolysates. 

First the four isomeric benzoylvalylvalines, and also their ethyl! esters, 
were synthesized. Appreciable optical activity was shown by the benzoyl- 
valylvalines as sodium salts; therefore, the product separated from grami- 
cidin could not be any single isomer, since it showed little if any optical 
activity (7). Equal quantities of enantiomorphic pairs of the benzoylvalyl- 
valines, and also of their ethy! esters, were crystallized together to obtain 


‘In this paper, the term racemic modification is used interchangeably with the 
term optically inactive dl mixture. No implication of interaction between the mem- 
bers of the enantiomorphic pairs is intended. 
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the optically inactive dl mixtures. The two optically inactive dl mixtures 
of benzoylvalylvalines failed to melt sharply, whereas the two racemic 
esters showed no significant depression of melting points when mixed. 
Hence the product isolated from gramicidin could not be identified by com- 
parison with these preparations. 

The initial failure to demonstrate the identity of the crystals isolated 
from gramicidin with any of the synthetic benzoylvalylvalines led to a 
reinvestigation of the former. In addition to yielding after acid hydrolysis 
a@ major part of its nitrogen as di-valine derivatives, half of the nitrogen 
was represented by /(+-)-valine, as shown by assay with Lactobacillus 
arabinosus (10). Thus the earlier conclusion as to the composition of the 
product isolated was strengthened. 

Because valylvaline appears to be unusually stable to acid hydrolysis, 
a test was made to see whether the partial hydrolysis of benzoylvalylvaline 
yielded any valylvaline. A degree of acid hydrolysis releasing 17 per cent 
of the nitrogen of benzoyl-l(+ )-valyl-l(+ )-valine as amino nitrogen did not 
yield detectable amounts of the dipeptide. 

In the selection of other derivatives by which differentiation of the two 
racemic forms might be accomplished, the following was considered. When 
two amino acids of like configuration are in contiguity in a peptide chain, 
the side chains are held to project from opposite sides of the peptide chain, 
whereas when a d-amino acid occurs next to an l-amino acid, the side chains 
are close together. Except in the case of 2- and 3-carbon amino acids, these 
side chains occupy a large portion of the available space (11). It seemed 
probable that attachment of a large group at the carboxyl end by the ester 
link would exaggerate the steric congestion of racemic modification (2) 
compared with modification (1), and that this would be reflected by a large 
difference in melting point. Thus the ethyl ester of benzoyl-d(—)-valyl- 
l(+)-valine melted at a temperature 7° lower than that of benzoyl-d(—)- 
valyl-d(—)-valine. An attempt to prepare the p-nitrobenzyl ester of race- 
mic form (2) resulted in the separation of an oil. The p-phenylphenacyl 
esters, however, were prepared with practically quantitative yields, and 
their melting points showed a separation permitting sharp differentiation 
between the two forms. The ester of the inactive mixture, benzoyl-d(—)- 
valyl-d(—)-valine + benzoyl-l(+)-valyl-l(+)-valine melted at 201°, 
whereas the ester of the other racemic modification melted at 141-142°. 

Four preparations of benzoylvalylvaline from gramicidin were studied, 
isolated after different periods of hydrolysis and by procedures designed to 
avoid or detect any loss of valylvaline isomers. These preparations were 
converted to p-phenylphenacyl esters. All melted sharply at 201°, showed 
no depression of melting point when mixed with the ester of racemic form 
(1) but exhibited strong depression when mixed with the ester of form (2). 
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Hence the isolated preparations all consisted of the optically inactive dl 
mixture, benzoyl-d(—)-valyl-d(—)-valine and benzoyl-l(+)-valyl-l(+)- 
valine. 

Admixture of 5 per cent of the ester of form (2) with the ester of form 
(1) caused appreciable depression of the melting temperature. When equal 
quantities of the four isomeric benzoylvalylvalines were mixed and carried 
through the isolation and esterification procedure together, a product was 
obtained which melted gradually from 140-180°. These results indicate 
that fractionation during isolation probably does not account for the 
failure to recover benzoyl-d(—)-valyl-l(+)-valine and benzoyl-l(+)- 
valyl-d(—)-valine. The same conclusion may be drawn from the fact 
that substantially all of the peptide nitrogen appearing in the fraction 
which formed water-soluble copper salts was isolated as valylvaline when 
the period of hydrolysis of the gramicidin was 13 hours. 

Studies of the comparative rates of release of amino nitrogen and of the 
various amino acids of gramicidin have been made in collaboration with 
Hegsted, with microbiological assay methods for the amino acids. These 
results will be published subsequently. They show an extremely rapid 
release of 1(+)-valine during the first few minutes of hydrolysis of 
gramicidin, followed by a very slow release. After 2 hours and after 6 
hours, the fractions of valine that were unavailable to the test organism 
closely approximated the amounts that have been isolated as valylvaline. 
Thus it appeared that during the first few minutes of hydrolysis the reoc- 
curred a rapid release of valine and of valylvaline, and that subsequently 
valine arose largely from the slow cleavage of valylvaline. The corre- 
spondence of the amounts of unreleased valine found by bioassay with the 
amounts of valylvaline isolated demonstrated that the isolation of the 
dipeptide was nearly quantitative and that no considerable quantities of 
d(—)-valyl-l(+-)-valine or /(+)-valyl-d(—)-valine could be present. 


EXPERIMENTAL 


Isolation of Valylvaline from Gramicidin—194 mg. of gramicidin were 
hydrolyzed by hydrochloric acid (7) for 13 hours. At this point, the 
“peptide nitrogen’”’ (the increase which could be produced in amino nitro- 
gen by 12 hours of additional hydrolysis in a sealed tube at 130°) was 3.0 
per cent of the gramicidin nitrogen taken. The solution was boiled for an 
additional 15 minutes under aeration in the presence of 0.1 ml. of benzalde- 
hyde to render indole-containing compounds insoluble. Chloride was 
removed with silver oxide and the copper salts were prepared as previously 
described and extracted with two 3 ml. portions of water. The extract was 
dried and extracted with three 3 ml. portions of absolute ethanol. The 
aleoholic extract was dried and dissolved in water, and copper was removed 
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with hydrogen sulfide. The solution contained 0.96 mg. of amino nitrogen 
and 0.49 mg. of peptide nitrogen. After the solution was evaporated to 
dryness, the solutes were dissolved in 0.2 ml. of absolute ethanol and 0.2 ml. 
of acetone was added. After 2 days, the mother liquor was removed from 
the crystals of crude valine, evaporated to dryness, the residue redissolved 
in ethanol, and again precipitated by acetone. Finally, by gradual addi- 
tion of 5 parts of diethyl ether, valylvaline was crystallized as needles con- 
taining 6.5 per cent amino nitrogen (calculated for valylvaline, 6.48 per 
cent). The yield was 9 mg., thus including most of the peptide nitrogen. 
The identification was made by benzoylation as described below. 

Preparations of Benzoylvalylvaline from Gramicidin. Preparation G345— 
Mother liquors from two preparations of benzoylvalylvaline studied pre- 
viously were concentrated in vacuo and an additional small crop obtained, 
melting at 216-218°.? 

Preparation G475—200 mg. of gramicidin were hydrolyzed by acid as 
usual for 6 hours. This hydrolysis converted 67 per cent of the total 
nitrogen to amino nitrogen and left 13 per cent of the nitrogen as “‘peptide 
nitrogen.”’ The substances forming copper salts insoluble in 30 ml. of 
water were discarded. The resultant solution, which contained all of the 
peptide nitrogen, was treated with benzoy! chloride at a volume of 2 ml., 
an excess of sodium bicarbonate being used to maintain alkalinity during 
benzoylation. The solution was acidified and, after 2 weeks, the precipi- 
tate was removed and crystallized twice from acetone. Recovery from the 
second crystallization was nearly quantitative. The yield of valylvaline 
represented 4.5 per cent of the nitrogen of the gramicidin used. The prepa- 
raton melted at 216°. These modifications in the isolation method were 
made to secure the maximum yield and to reduce the possibility of frae- 
tionation of isomers. 

Preparation G496 was obtained from a 2 hour hydrolysate of 100 mg. of 
gramicidin. During the last 10 minutes of hydrolysis, tryptophane- 
containing compounds were destroyed by aerating in the presence of benzal- 
dehyde. The water-soluble, ethanol-soluble, copper salts were separated 
as described above. This fraction contained as amino nitrogen 11.6 per 
cent of the nitrogen of the gramicidin taken and 8.69 per cent as peptide 
nitrogen. The benzoyl derivative was prepared and separated as usual. 
The yield represented 4.8 per cent of the nitrogen of the gramicidin taken. 

Preparation G490 was obtained by benzoylating the valylvaline isolated 
above. It melted at 218°. 

Determination of i(+)-Valine in These Fractions—Weighed portions of 


? All preparations described were dried in vacuo at 100° over P,O; with the excep- 
tion of the acid chlorides which were dried at 55°. The melting points recorded have 
been corrected for the emergent thermometer stem. 
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Preparations G475 and G345 were subjected to hydrolysis in acetic acid- 
hydrochloric acid solution (1 volume of acetic acid plus 2 volumes of 6 N 
hydrochloric acid) at 100° and 110° in sealed tubes for varying periods of 
time. The hydrolysates were taken to dryness, washed with benzene, 
and taken up in water. Upon aliquots of the resultant solution amino 
nitrogen was determined by the Van Slyke technique and /(+)-valine by 
the method of Hegsted (10) with Lactobacillus arabinosus Table I shows 
that, within the error of the biological assay, half of the amino nitrogen 
was present in the form of /(+)-valine. 

Benzoyl-d(—)-valyl Chloride and Benzoyl-l(+)-valyl Chloride—Benzoyl- 
d(—)-valine and benzoyl-l(+)-valine were prepared as described for ben- 
zoyl-di-valine by Slimmer (12) from d(—)-valine and ((+)-valine,‘ 
respectively, and benzoyl chloride. The preparations melted at 127° (13). 
They were converted to the acid chlorides as follows: 300 mg. of benzoyl- 
valine were dissolved in 2 ml. of freshly distilled acetyl chloride. At 0°, 














TaBLe I 
l(+)-Valine Released by Hydrolysis of Benzoylvalylvaline Preparations from 
Gramicidin 
Preparation No. Hydrolysis* Amino N 1(+)-Valine 
r eer atoms per |. a mma per i. 

G345 18 hrs. at 100° 2.98 | 1.5 
G475 a. 2.40 1.3 
G475 q.? “a 2.01 1.1 





* Hydrolysis was by a solution of 1 volume of acetic acid and 2 volumes of 6 N 
hydrochloric acid. 


315 mg. of phosphorus pentachloride were added and the mixture was 
shaken for 5 minutes at 0°, then for 30 minutes at room temperature. 8 ml. 
of anhydrous petroleum ether were added and the solution was left at 0° 
to complete the crystallization. The needles were centrifuged down and 
washed three times with petroleum ether. Both preparations melted 
gradually from 95-105°. Titration with standard sodium hydroxide solu- 
tion indicated 2 equivalents of acid in 242 and 243 gm. respectively. Ben- 
zoylvalyl chloride should require 239.6 gm. 

Benzoylvalylvaline Ethyl Esters—The ethyl esters of d(—)- and l(+)- 
valine were prepared as ethereal solutions, as described for leucine by 


* The biological assays of 1(+)-valine were made by Dr. D. M. Hegsted. 

‘The d(—)-valine was generously supplied by Dr. William C. Rose of the Uni- 
versity of Illinois, and the /(+)-valine by Dr. Edwin J. Cohn and Dr. John Ferry of 
the Department of Physical Chemistry, Harvard Medical School. Determination of 
specific rotations confirmed the purity of the two isomers. 
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Fischer (14), and the solutions were dried over calcium oxide. Nitrogen 
analyses on the ethereal solutions indicated yields of about 80 per cent. 

154 mg. (0.65 mm) of benzoyl-d(—)-valyl chloride were added to a 
solution of an equivalent amount of d(—)-valine ethyl ester and 1 mm of 
anhydrous pyridine in 20 ml. of ether, and dissolved by shaking a few 
seconds. In the course of 16 hours at room temperature, the solution be- 
came filled with long needles of benzoylvalylvaline ethyl ester. Without 
removal of the needles the solution was washed three times with 5 ml. por- 
tions of dilute hydrochloric acid and four times with 5 ml. portions of 5 per 
cent sodium bicarbonate and twice with water to remove pyridinium 
chloride, valine ethyl ester, and benzoylvaline. The solid phase disap- 
peared during the washing. The solution was finally taken to complete 
dryness in vacuo. The white product was crystallized from boiling ligroin 
as fine needles with a yield of 70 per cent. After two or three crystalliza- 
tions from 50 per cent ethanol, the compound melted at 166°. 


C,9H2.s0O;N2. Caleulated. N 8.04, mol. wt. 348.2 
Found. ‘‘ 7.97, neutralization equivalent (by saponification) 352 


In the same way, benzoyl-d(—)-valyl chloride was allowed to react. with 
l(+-)-valine ethyl! ester, and benzoyl-l(+-)-valyl chloride in separate experi- 
ments with d(—)- and l(+)-valine ethyl esters. The composition of the 
products was checked by nitrogen analyses and determination of neu- 
tralization equivalents. The melting points were as follows: benzoyl-d(—)- 
valyl-l(+)-valine ethyl ester 159°, benzoyl-l(+ )-valyl-d(—)-valine ethyl 
ester 160°, benzoyl-l(+)-valyl-l(+)-valine ethyl ester 166°. All were 
slender diamond-shaped plates. The yields were between 65 and 70 
per cent. 

Crystallization together of equal amounts of benzoyl-d(—)-valyl-d(—)- 
valine ethyl ester and benzoyl-l(+ )-valyl-l(+)-valine ethy] ester from 50 
per cent alcohol yielded crystals melting at 153°. Similarly, the crystals 
obtained by crystallizing together the other two esters melted at 152°. 
No appreciable depression of melting point resulted when these racemic 
modifications were mixed. 

Benzoylvalylvalines. By Saponification of Esters—To 110 mg. of benzoyl- 
valylvaline ethyl ester were added 1.5 ml. of 0.25 n alcoholic sodium hy- 
droxide and 1 ml. of 95 per cent alcohol. The solution resulting was left 
at room temperature overnight, then concentrated in vacuo to about 0.3 
ml., and 0.3 ml. of 2 N hydrochloric acid added. The solution was evapo- 

ated in vacuo nearly to dryness, and the precipitate rubbed up with 2 ml. 
of water, then washed twice more with water. The precipitate was dried 
and crystallized three times from dry methy! acetate. Large monoclinic 
prisms were formed from all four esters. These were somewhat hydro- 
scopic, moderately soluble in acetone and ethyl acetate, very soluble in 
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alcohol and in aqueous alcohol, and insoluble in petroleum ether and in 
water. The yields from the saponification were about 50 per cent. The 
reason for this incomplete recovery was not investigated, since the pro- 
cedure described below was found more satisfactory for preparing the 
benzoylvalylvalines. 

By Action of Benzoylvalyl Chloride on Valine in Alkaline Solution—100 
mg. of benzoylvalyl chloride were added to the equivalent quantity, 59 
mg., of valine in 1.0 ml. of molar sodium carbonate solution, the mixture 
being cooled in tap water and agitated until the solids dissolved. The 
solution was acidified with hydrochloric acid and, after standing overnight, 
the precipitate was removed, washed with water, dried, and recrystallized 
three times from methyl acetate. The yields were between 58 and 65 
per cent of the theoretical. The products so obtained were shown to be 


TaBLeE II 
Analysis and Properties of Benzoylvalylvalines 











| | Neutralizs- [« iz 

Compound M.p. N content* tion | a sodium 

| | equivalentt | salts +1° 

:. ». o- i per cent “| | jam 
Benzoy!l-d(— )-valyl-d(—)-valine.... | 193-195 8.7 322 +21 
Benzoy]-l(+ )-valyl-l(+ )-valine..... | 193-195 8.8 325 —23 
Benzoy]-d(— )-valy]-l(+ )-valine ....| 192-194 8.8 320 —17 


Benzoyl-l(+)-valyl-d(—)-valine 192-194 | 8.7 | 323 +15 


* Calculated N content, 8.75 per cent. 
t Calculated, 320.2. 


identical with those prepared above by melting point determinations. 
Analyses, specific rotations, and melting points are shown in Table II. 

Optically Inactive dl Mixtures—5 mg. of benzoyl-d(—)-valyl-d(—)- 
valine and 5 mg. of benzoyl-/(+ )-valyl-l(+)-valine were mixed and re- 
crystallized three times from acetone. In the same way the other pair of 
isomers was mixed and crystallized together. The products obtained did 
not show satisfactory melting point behavior, softening at 195° and melting 
gradually to become clear at 210-215°. Some crystals were observed 
to melt at the lower, others at the higher temperatures, suggesting crystal- 
lization in at least two forms. Slow crystallization over a 2 week period 
yielded similar results. 

p-Nitrobenzyl Esters—5.9 mg. each of benzoyl-d(—)-valyl-l(+ )-valine 
and benzoyl-l(+ )-valyl-d-(—)-valine were mixed and treated as their 
sodium salts in 63 per cent alcohol with 7.8 mg. of p-nitrobenzyl bromide, 
as described by Reid (15). Several attempts to crystallize the product were 
unsuccessful, yielding only a colorless oil. 
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Phenylphenacyl Esters (16)—-Commercial p-phenylphenacy! bromide was 
purified by decolorization with charcoal in alcohol solution and by crystal- 
lization from alcohol. 4.9 mg. each of benzoyl-d(—)-valyl-l(+ )-valine 
and its optical enantiomorph were dissolved in 0.2 ml. of ethanol. 0.03 
milliequivalent of sodium hydroxide in 0.1 ml. of water was then added, 
followed by 8 mg. of p-phenylphenacyl bromide. The solution was held 
at its boiling point for 60 minutes. The product began to crystallize 
during this period. After cooling for a few hours, the crystals were re- 
moved, washed with water, and then extracted three times with 3 ml. 
quantities of warm petroleum ether to remove residual phenylphenacyl 
bromide. The residue was crystallized twice from 0.2 ml. portions of 
absolute ethanol. 


CyHy,OsN,. Calculated, N 5.44; found, 5.4; needles melting at 141-142 


In the same way, equal parts of benzoyl-d(—)-valyl-d(—)-valine and its 
enantiomorph were mixed and converted to the racemic p-phenylphenacyl 
ester. This formed needles melting sharply at 201°. A mixture of the 
two racemic forms melted gradually between 120-140°. In both cases, 
the yields were about 90 per cent. Both racemic forms were insoluble in 
cold ethanol. 

3 mg. portions of the four preparations of benzoylvalylvaline derived 
from gramicidin hydrolysates described above were converted to phenyl- 
phenacyl esters in the manner described. All four melted sharply at 201° 
and showed no depression when mixed with the latter of the above esters, 
but strong depression resulted in admixture with the former racemic modi- 
fication. 

2.0 mg. of each of the four synthetic benzoylvalylvalines were dissolved 
together in 4 ml. of 0.1 N sodium hydroxide. The solution was acidified 
and the precipitate was crystallized twice from acetone, and converted to the 
phenylphenacy! ester, which was crystallized twice from ethanol. The 
product melted gradually from 120-175°, revealing no extensive changes 
in the composition of the mixture of isomers under the conditions employed 
in preparing the derivative of valylvaline from gramicidin. 

Is Valylvaline Formed by Acid Hydrolysis of Benzoylvalylvaline?—5.6 mg. 
of benzoyl-l(+)-valyl-l(+-)-valine were hydrolyzed in a mixture of 0.2 
ml. of acetic acid and 0.4 ml. of 6 N hydrochloric acid at 100° for 30 min- 
utes. The solution was evaporated to dryness, and the residue dissolved in 
0.75 ml. of water and extracted with ether to remove benzoyl! derivatives. 
The ether extracted 0.40 mg. of nitrogen; the aqueous solution contained 
0.085 mg. of nitrogen, all in the form of amino nitrogen. Thus, no sig- 
nificant amount of valylvaline had resulted. 
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DISCUSSION 


The finding that gramicidin hydrolysates contain similar quantities of 
d-valyl-d-valine and /-valyl-l-valine and little if any d-valyl-/-valine or 
l-valyl-d-valine demonstrates that neither racemic valine nor racemic 
valylvaline has arisen by racemization during hydrolysis and isolation. 

Two alternatives should be considered: two valylvaline fragments may 
occur at different points in the gramidicin molecule, d-valyl-d-valine at 
one point and /-valyl-l-valine at another; or these two fragments may occur 
at the same point in different gramicidin molecules. The difficulty in- 
volved in the first alternative is that the two valylvalines must both be in 
special environments permitting their release at similar and rapid rates. 
The second alternative requires that there be two isomeric gramicidin mole- 
cules differing as to which enantiomorphic valylvaline they contain. 

Whether or not Bacillus brevis contains an enzyme which fails to differen- 
tiate between d-valine and [-valine in joining valine to a dissimilar amino 
acid in gramicidin cannot yet be answered. The organism does, however, 
appear to join together only valines of like configuration. This arrange- 
ment of valine residues is the one which results in less crowding of side 
chains, since it places the two side chains on opposite sides of the peptide 
chain. It is also evident that less crowding of side chains will result from 
inserting two d-amino acid residues successively among l-amino acid resi- 
dues in a peptide chain than will result from inserting them at isolated 
points. 

SUMMARY 


Valylvaline separated as the free dipeptide and as the benzoyl derivative 
under various conditions from gramicidin hydrolysates has been found to 
be the pure optically inactive dl form, d(—)-valyl-d(—)-valine and i(+)- 
valyl-l(+)-valine, by showing the phenylphenacyl ester of the benzoyl 
derivative to be identical with the synthetic racemic form. The findings 
indicate that no substantial quantities of the other two possible isomers were 
present in the hydrolysates. Hence optically inactive valylvaline could 
not have arisen by racemization during hydrolysis or isolation. These con- 
clusions suggest that Bacillus brevis joins together in gramicidin only 
valines of like configuration. 

Several derivatives of valine have been described. 
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THE ISOLATION AND PROPERTIES OF SOME NATURALLY 
OCCURRING OCTADECENOIC (OLEIC) ACIDS 


By R. CARL MILLICAN® anp J. B. BROWN 


(From the Laboratory of Physiological Chemistry, The Ohio State University, Columbus) 
(Received for publication, April 29, 1944) 


Oleic acid (cis-9 ,10-octadecenoic) has been said to be the most widely 
occurring of the fatty acids. The best preparations of this acid have been 
made by Bertram (1), Raymond (2), Brown and Shinowara (3), Skellon 
(4), Smith (5), Wheeler and Riemenschneider (6), and Foreman (7). 
Olive, tea seed, and almond oils have served as the sources of these several 
preparations, but olive oil has been usually selected as the raw material, 
because of the relatively simple nature of its component fatty acids, and 
because of its high oleic acid content (75 to 80 per cent). The synthetic 
oleic acid of Noller and Bannerot (8) was believed to be identical with the 
natural acid. 

In spite of the fact that, theoretically, there can exist sixteen isomeric 
octadecenoic acids, depending on the position of the double bond, only 
two or three of these, in addition to oleic acid, have been found to be 
naturally occurring. Petroselenic acid (6,7-octadecenoic) was found in 
parsley seed oil by Vongerichten and Kohler (9) and in ivy seed oil by 
Palazzo and Tamburelli (10). Vaccenie acid (11,12-octadecenoic) was 
identified in whale oil by means of its dihydroxy derivative by Moore (11) 
and by Armstrong and Hilditch (12). Bertram (13) claimed to have 
isolated vaccenic acid from beef fat and to have identified it. This same 
acid has been reported in butter fat, mutton fat, and lard in very small 
amounts. The presence of a 10,11-octadecenoic acid in pork liver lipids 
was suggested by Channon, Irving, and Smith (14). 

Although several of the earlier investigators claimed high purity for 
their products, the preparation of pure oleic acid was almost impossible 
by the methods employed. This was due to the occurrence of the acid 
along with saturated acids on the one hand, and more unsaturated acids, 
such as linoleic, on the other. The methods of separation from both types 
of extraneous material were far from quantitative, many of the methods 
being based on differences in solubility of divalent and other metal salts. 
Furthermore, efficient stills were not available, so that the separations were 
complicated by the presence of Cy and Cy acids, both saturated and 
unsaturated. 


* Submitted in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy in the Graduate School of The Ohio State University. 
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The isolation of oleic acid has been greatly simplified by the method of 
low temperature crystallization, first used as a major procedure by Brown 
and Shinowara (3). The method has been modified and improved by Smith 
(5), Hartsuch (15), Wheeler and Riemenschneider (6), and, in this labora- 
tory, by Foreman (7). 

The essential details of Foreman’s method include careful fractionation 
of the methy! esters of olive oil through an electrically heated and packed 
column, which results in a product containing only C,s esters, removal of 
methyl linoleate by several crystallizations from acetone or’methy! alcohol 
at —60°, and removal of methyl stearate by cooling this product to — 25° to 
— 30° in methyl alcohol solution. The resultant methyl! oleate upon saponi- 
fication and one or two further crystallizations of the acid gave oleic acid 
which was 99.8 per cent pure. 

In the present report we have attempted the isolation of oleic acid from 
several animal and seed fats and oils. The procedure employed was 
essentially that used by’ Foreman with such modifications as seemed 
necessary to adapt the method to the component C\; esters of the individual 
fat under investigation. One of our objectives was to demonstrate that 
the resultant product was identical with or different from the oleic acid 
derived from olive oil, which we have taken as a standard of purity. 
When a product of different properties has been obtained through this use 
of a simple physical procedure, it was the natural conclusion that the 
octadecenoic acid of the fat in question was in fact a mixture of octadecenoic 
acids. For example, it is generally accepted that the Cs acids of lard and 
of olive oil are stearic, oleic, and linoleic acids, the previous claim of the 
presence of vaccenic acid in lard being usually ignored. Crystallization of 
these acids, or their esters, should yield the same oleic acid in either case. 
However, as will be shown later, the oleic acid resulting from lard, while 
essentially pure as evaluated from the iodine number, melts considerably 
lower than the oleic acid from olive oil and gives upon non-disruptive 
oxidation a dihydroxystearic acid (or acids) which appears to be a mixture. 
This does not necessarily confirm the presence of vaccenic acid in lard, but 
it does support the likelihood that other octadecenoic acids than oleic do 
exist in this fat. 

As will be seen from the results which follow, the oleic acid preparations 
from several animal fats, with the exception of chicken fat, appear to be 
mixtures. The preparations from olive, peanut, corn, cottonseed, and 
linseed oils appear to be oleic acid, while, again, those from rape-seed and 
soy bean oils show evidence of being mixtures. 


EXPERIMENTAL 


Several of the seed oils used in this work were specimens purchased on 
the market. Corn oil was furnished through the courtesy of the Corn 
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Products Refining Company, Argo, Illinois. Lard and beef tallow were 
obtained from Professor L. E. Kunkle of the Department of Animal 
Husbandry, the tallow being principally kidney fat. The chicken fat was 
obtained for us from white Leghorn hens by Professor E. L. Dakan of 
the Department of Poultry Husbandry. The Cs fraction of human fat 
was supplied by Cramer in connection with an investigation he was carrying 
out on that fat (16). Pork liver lipids were supplied by Dr. David Klein 
of The Wilson Laboratories, and adrenal phosphatides by Dr. Oliver Kamm 
of Parke, Davis and Company. The methyl esters of the adrenal phos- 
phatides were by-products in the preparation of arachidonic acid by Mowry, 
Brode, and Brown (17). 


TABLE | 
Analytical Data of Cys Esters of Various Fats and Oils 





Mol. wt 
Source fewer ae re a I No. of esters 
| Esters } Acids 
Lard | 205.5 | 281.5 86.5 
Beef tallow 294.1 | 280.1 58.0 
Adrenal phosphatides. . 297.5 | 283.5 103.5 
Pork liver lipids | 204.3 | 280.3 83.3 
Chicken fat 297.4 | 283.4 102.4 
Human fat 296.7 282.7 87.9 
Linseed oil 294.5 | 280.5 197.5 
Peanut ‘‘ 292.8 | 278.8 118.9 
Soy bean oil 293.6 | 279.6 116.0 
278.3 


Cottonseed oil 292.3 ; 143.4 





Description of Procedure and Results 


Oleic acid was prepared from each of the preceding fats and oils by the 
following general procedure. 

Preparation of Methyl Esters—The methyl] esters were prepared by the 
usual method of direct alcoholysis. They were distilled before being 
subjected to more careful fractionation. 

Fractional Distillation—The methyl] esters were distilled very carefully 
through an electrically heated column packed with glass helices (25 mm. in 
diameter and 90 cm. long). In the usual practice in this laboratory it has 
been possible to separate mixtures of methyl. esters into main fractions 
containing almost entirely (more than 95 per cent) single carbon series. 
Table I describes the Cis esters of the several fats and oils under investi- 
gation. 

The molecular weights in Table I support the conclusion that the fractions 
in question are essentially Cs esters. 

Isolation of Methyl Oleate—The crystallization procedure was applied to 
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the Cs esters of each of the several fats and oils. Methyl stearate was 
removed by cooling either in methyl! alcohol or acetone solution (2 to 3 per 
cent concentration) to —25° to —30°. The filtrate containing the oleate 
and more unsaturated esters was then cooled to — 60°, the resulting crystals 
of methyl oleate being repeatedly crystallized until the iodine numbers of 
the crystal and filtrate fractions indicated complete removal of linoleate. 
In most of the fats studied linoleic acid was the only acid present which 
was more unsaturated than oleic.’ In others, however, linolenic and other 
highly unsaturated acids were present. 

Owing to limitations of space it is impossible to give the details of the 
numerous crystallizations which were employed in the isolation of sub- 
stantially pure methyl oleate from each of the fats. Details will be given 
later of the procedures employed with lard and linseed oils. Details of 


Taste II 
Iodine Number and Purity of Methyl Oleate Preparations 
Source | Iodine No.* Per cent purity 
Lard 83.40 | 97.4 
Beef tallow 84.48 98.7 
Adrenal phosphatides 83.67 97.7 
84.60 98.8 


Liver lipids 


Chicken fat 85.92 99.6 
Human fat 84.27 98.5 
Linseed oil 86.64 99.0 
Peanut ‘“ 85.67 100.0 
Soy bean oil 85.39 99.8 
Cottonseed oil 84.35 98.5 


* Theory, 85.6. 


the crystallization of the Cis esters of human fat have been described by 
Cramer and Brown (16). It will suffice to note here the iodine numbers 
of the several methyl! oleates which were isolated in this investigation and 
from which were prepared the several oleic acids described later. The 
iodine numbers and purities, calculated from the iodine numbers, are 
summarized in Table II. 

Preparation and Purification of Oleic Actds—The methyl! oleate prepara- 
tions were saponified by refluxing for } hour with an excess of alcoholic 
potassium hydroxide, the alcohol removed under reduced pressure, and the 
oleic acid set free by addition of hydrochloric acid. The product was 
carefully distilled and analyzed; the analytical constants of the several 
preparations are given in Table III. 

Since the analytical data on several of the products of the original series 
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of crystallizations indicated purities which were not considered satisfactory, 
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per these were subjected to additional crystallizations to remove possible 
ate 
‘als TaB.e III 
: of Analytical Data on Oleic Acids 
ite. | vad er 
in fo he) PF 
her re» — 9 eee Wine h hg | eer mm omg he 
mer | NO" | Oleic | rated | leic 
the *C. cent | cont | cont 
ub- Animal fats 
ven Lard | © |1.4602|12.3-12.6)87.74/87.85) 97.6) 97.7) 2.3 
of Beef tallow | 0 |1.4599/10.4-10.7/89.70|87.20| 99.2) 93.6] 3.5 | 2.9 
Adrenal phos- | | 
phatides. . | © |1.4598/11.4-11 5/86. 89/84.24) 96.6) 90.1) 6.8 | 3.1 
| Liver lipids 0 {1.4601/12. 4-12. 6/87 .70/84.70) 97.5) 90.2) 6.3 | 3.5 
— Chicken fat 0 |1.4602/13.0-13. 4/88. 87/88.40) 98.8) 97.5) 1.9 | 0.6 
| Human fat.......| 0  |1.4599/12.4-12.7|88. 7687.81) 98.7} 96.3) 2.6 | 1.1 
c Seed fats | 
Linseed oil 0 |1.4601/13.1-13.3/88.65)88.41) 98.6) 97.9) 1.6 | 0.3 
Peanut | O |1.4601 13.2-13.5/90.10/89.80) 99.7} 99.3) 0.3 | 0.4 
Soy bean oil | O |1. 4598 12. 1-12. 4/87 .02|85.15) 96.8) 92.1) 5.7 | 2.2 
Cottonseed oil...| 0  |1.4601/13. 1-13.2/89.09)88.00) 99.1) 94.7) 3.9 | 1.4 
Olive oil*.. | O  |1.4600/13.3-13.5)89.98)89.90)100.0) 99.8 0.2 
com ‘Tf... 0 {1.4601/13.0-13.3)/87 .05/87.15) 96.8 
Rape-seed oilf | © |1. 4598/12. 5-12. 7/87. 26/85.76| 97.0 
Recrystallized acids 
} ! 
= Lard.. | 2 | 1124-12. 5188. 81 88.09} 98.8] 96.9) 2.2 | 0.9 | 280.0 
Beef tallow 7 | \11.3-11.5/87. 93/87 .58) 97.8) 97.8) 1.8 | 0.4 | 282.7 
- Adrenal phospha- | | 
tides... | 7 12.2-12.5/88.0 |86.00| 97.9] 92.9] 4.7 | 2.4 | 280.7 
ers | Human fat | 6 | 12.9-13.0/88.97|87.18| 98.9] 94.5) 3.4 | 2.1 | 282.2 
nd | Linseed oil wld | |13.3-13.5)90.06)89.13| 99.8) 97.8) 1.1 | 1.1 | 280.5 
“he Soy bean oil.. -e | '12.5-12.7/86.30/85.92) 96.0) 94.9) 4.6 | 0.5 
are | Rape-seed oilt | 2 | |12.3-12. 5]88.27/85.05 98.2) 90.3] 5.9 | 3.8 
* This was the best oleic acid preparation made by H. D. Foreman. 
ra- ! t Prepared by J. F. Frankel. 
slic t Prepared by H. D. Foreman and 8. L. Gans and further crystallized by one 
-he of us (R. C. M.). 
vas 
ral traces of methyl esters which might have escaped saponification and of 


acids more unsaturated than oleic. Data on these recrystallized acids are 
ies also shown in Table III. 
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Discussion of Analytical Data on Oleic Acid Preparations 


Refractive Index—The n* of the several preparations in Table III ranged 
from 1.4598 to 1.4602, which values compare favorably with those pre- 
viously reported: 1.4597 (5), 1.4599 (6), 1.4600 (7). 

Melting Point—Previously reported melting points are, 13.0° (1, 3), 
13.0-13.2° (6), 13.36° (5), and 13.3-13.5° (7). With the exception of the 
specimens from soy bean and rape-seed oils, the observed melting points 
of the seed fats fall very close to the above values. On the other hand, the 
specimens of animal origin, with the exception of chicken fat, melted 
significantly lower. The lowest melting point was shown by the oleic acid 
from beef tallow, which melted 3° low and 2° low even after seven additional 
crystallizations. These were made to remove possible traces of unsa- 
ponified methyl ester and linoleic acid, and, also, are likely to have removed 
some of the isomeric octadecenoic acids. These low melting points are 
discussed further in connection with remarks on the probable purity of the 
specimens. 

Purity of Specimens—Purities have been evaluated from the iodine 


number and by calculation from the iodine-thiocyanogen equations of | 
Matthews, Brode, and Brown (18). We are convinced that purities by the | 


former method are more accurate than by the latter for two reasons. 
First, all of our preparations were crystallized to complete removal of acids 
more unse‘urated than oleic acid, with the possible exceptions of peanut 
and linseed oils. Second, a slight error in the thiocyanogen determination 
tends to exaggerate the amount of impurity. In this laboratory on a 
number of occasions we have obtained low thiocyanogen values (1 to 2 
units) on preparations of monoethylenic acids which we are certain do not 
contain diethylenic material. It is conceivable that certain of the isomeric 
octadecenoic acids do not add thiocyanogen quantitatively. These low 
thiocyanogen values, wher used in the calculation, tend to indicate too 
high a percentage of both linoleic and saturated acids. While there is no 
doubt that some of our preparations contained as much as 2 to 3 per cent 


of saturated acid, we feel certain they did not contain up to 6 per cent as | 


indicated in the oleic acids from adrenal phosphatides and liver lipids. 

The purities of the unrecrystallized specimens in Table III as evaluated 
from the iodine number range from 96.6 to 99.2 per cent in the animal fats 
and 96.8 to 100 per cent in the seed fats. The principal impurity as 
indicated by iodine number is due to saturated acids, such as stearic and 
palmitic. In view of the fact that the starting material in each case was 
essentially Cys esters, it is not likely the contaminant was palmitic acid. 
Smith (5) reported only slight lowering of the melting point of oleic acid by 
stearic acid. The presence of 3.55 per cent stearic acid gave maximum 
lowering to 13.1°. Assuming complete absence of diethylenic acids, 
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therefore, the low melting points of the oleic acid preparations from lard 
and especially from beef tallow and adrenal phosphatides do not appear to 
be eaused by the presence of palmitic and stearic acids. 

Melting Points of Dihydroxy Acids—Upon non-disruptive oxidation of 
oleic acid, there results an almost quantitative yield of a dihydroxystearic 
acid melting at 131—132°, one of the most characteristic reactions of oleic 
acid. A number of the preparations in Table III were oxidized by the 
procedure of Lapworth and Mottram (19). The resulting dihydroxy acids 
were crystallized once from alcohol, and the melting points taken. In a 
number of instances the mixed melting point with the known dihydroxy 


TaBie IV 
Melting Points of Dihydrozystearic Acids 





Mixed m.p. with olive oil 








Description of oleic acid M.p., uncorrected dihydroxy acid 
be of C. 
Olive oil : 130 -131 
Latd...... 1 124 -126 122-123 
(2)*. > , 128.5-129.5 130-131 
Beef tallow (7) 125.7 125-126.5 
Adrenal phosphatides (7) 123 -124.5 125-127 
Liver lipids. . 129 -130.5 131-132 
Human fat.. 127 .5-128.5 129-130 
» “@) 129 -131 | 131-132 
Chicken fat.... a ei 129 -131 | 129-131.5 
Linseed oil (2) , i 130 -132 
Soy bean oil (2) 127 .5-130 128-130 
Cottonseed oil 2i4 130 -131.5 127-129 
Rape-seed ‘‘ (2)....... 130 -131 127-129 





* The figures in parentheses refer to the number of times the oleic acid was re- 
crystallized before the derivative was prepared. 


acid of olive oil oleic acid was observed. These results are summarized in 
Table IV. 

The dihydroxy acids from olive oil, liver lipids, chicken fat, linseed oil, 
cottonseed oil, and rape-seed oil showed normal melting points. Those 
from lard, beef tallow, human fat, soy bean oil, and adrenal phosphatides 
melted appreciably lower, the minimum melting point being observed with 
adrenal phosphatides. The mixed melting point behavior was not entirely 
consistent but in general supported the conclusion that in a number of these 
preparations dihydroxy acids were being obtained which are quite different 
from the oxidation product to be expected from ordinary oleic acid. These 
low melting dihydroxy acids may or may not be identical with those ob- 
tained by Moore (11) and by Armstrong and Hilditch (12). Moore ob- 
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oil. The product of Armstrong and Hilditch, also from whale oil, melted 
at 125-126°. On the basis of disruptive oxidation, these latter investiga- 
tors concluded that this oil contained small amounts of the 11 ,12-octade- 
cenoic acid. 

Recrystallization of Acids—In a number of instances in which the evidence 
pointed to the presence of isomeric octadecenoic acids in the oleic acid, it 
was subjected to repeated recrystallization as noted in Table III, and the 
several filtrates from these crystallizations were further studied. As al- 
ready reported by Cramer and Brown (16) in the case of human fat oleic 
acid, the consecutive filtrate fractions, amounting to 0.8 to 3.0 gm., melted 
at 1°, 2°, 8°, 9°, 10°, and 11°, respectively, indicated that these filtrates 
were concentrates of the isomeric acid. Several of these were combined 
(second and third) and after two crystallizations from petroleum ether at 
—65° yielded a product which melted at 5.7-6.0° and gave a dihydroxy 
acid melting at 122—123.5° (mixed melting point 125-127°). Similar low 
melting points were observed on the oleic acid in the filtrates from the 
repeated crvstallization of the oleic acid from tallow, lard, adrenal phos- 
phatides, soy bean oil, and liver lipids, and on the dihydroxy acids prepared 
from these filtrates. We believe that these results still further confirm 
our previous suggestions that the oleic acids from most of these animal 
lipids are mixtures of octadecenoic acids, of which ordinary oleic acid is the 
principal component. 

To summarize, we have prepared oleic acids from twelve fats and oils of 
both animal and seed origin by a procedure which involved first, isolation 
of the C;s methyl esters of these fats by distillation through a very efficient 
column, separation of these C,; esters by repeated low temperature crystalli- 
zation into methyl! oleate, stearate, and more unsaturated esters, and con- 
version of the oleate into oleic acid by the usual method. Many of these 
oleic acids have been further repeatedly crystallized to remove possible 
impurities. In general we have found that four of the seed fat oleic acids 
(olive, cottonseed, corn, linseed) and one from an animal source (chicken fat) 
are practically pure oleic (9,10-octadecenoic) acid. The products ob- 
tained from soy bean and rape-seed oils, and those from lard, beef tallow, 
adrenal phosphatides, pork liver lipids, and human fat gave evidence of 
being mixtures of one or more octadecenoic acids, of which oleic acid is the 
principal component. 

Isolation of Oleic Acid from Lard 

The Cys esters of lard were repeatedly crystallized according to the 
procedure described in Chart I. 

The methy] oleate from Chart I, upon saponification, gave an oleic acid 
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with an iodine number of 86.65. This was crystallized as shown in Chart 
II. Since we were unable to account for the low iodine (and thioevanogen) 
number in Cy») of Chart II, this fraction was still further crystallized. See 
Chart III. 

There is no evidence in these recrystallizations of the presence of linoleic 
or of palmitic acid. Yet it seems practically impossible here to remove the 
material which is giving an iodine number about | unit low. The evidences 


Cuart I 
Fractional Crystallization of C,s Esters of Lard 


gm. esters 
No. 86.4, thiocyanogen No. 64.4, mol. wt. acids 281.5, dissolved in 
1.5 liters methanol (MeOH), cooled to —23° 


+ 








4 4 
Crystals, C;, dissolved in 4.5 liters MeOH, Filtrate, F,, 179 gm., 
cooled to —25° I No. 102.3 
=. » se , 
Cs, redissolved in 4 liters MeOH, cooled to —25° F;, 16 gm., I No. 101.3 
C;, methyl stearate, 29.5 gm., I No. 0.4, m.p. 37.5° F;, 1.0 gm., I No. 63.7 


F, + F, + F; (195 gm.), dissolved in 4 liters MeOH, cooled to —60° 


+ 














(’, redissolved in 4 liters MeOH, cooled to —60° Fs, I No. 152.7, 30 gm. 
° . . ° . ’ ° ™ 
Cs, 187 gm., I No. 83.6, redissolved in 4 liters MeOH, F’4, 18 gm., I No. 147 
cooled to —60° 
+ 
+ + 
C;, redissolved in 4 liters MeOH, cooled to —60° F,, 5.5 gm., I No. 109.8 
° . , 4 * 
Cs, 125 gm. methyl ‘‘oleate,’’ I No. 83.4 (theory 85.6), Fs, 3.5 gm., I No. 70.8 (I 
purity 97.4% No. below 85 shows all 


linoleate removed) 


in Charts I to III for isomeric octadecenoic acids are in line with the points 
previously presented, more especially the melting points of the acid and of 
the several filtrate fractions. There is a reasonable possibility of the pres- 
ence in this lard oleic acid of octadecenoic acids which do not give the theo- 
retical iodine or thiocyanogen numbers. Since, however, they have not 
been identified other than as noted in the filtrates above, by actual sepa- 
ration or by disruptive oxidation, this conclusion is not beyond question. 
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Isolation of Oleic Acid from Linseed Oul 


Several earlier reports of the composition of the fatty acids of linseed oil | 
showed contents of oleic acid amounting to 6 to 18 per cent (20-23), | 
Painter and Nesbitt (24), in analyzing the glycerides of this oil by the 
iodine-thiocvanogen equations, found somewhat higher values ranging | 


Cuart II 
Crystallization of Oleic Acid from Lard 


82 gm. oleic acid in petroleum ether (2%), cooled to —23° 


+ 





| 
Cooled to —32° 


No crystals 
| 








4 
| dl 
C> Filtrate 
0.7 gm., I No. 81.0, m.p. 12.3-12.6° Cooled to —60° 
t 
Cro Filtrate 
80.5 gm., I No. 87.74, thiocyanogen 0.6 gm., I No. 86.6, m.p. 
No. 87.85, m.p. 12.3-12.6° 0.5-1.3° 


Cuart III 
Recrystallization of Cio 
46.5 gm. Cio dissolved in 1060 cc. ether, cooled to —40° 


. 














” * 4 
Cu Filtrate 
7 gm., I No. 87.2, thiocyanogen No. 87.7, Ether removed, dissolved in 
m.p. 12.5-13.0° petroleum ether (about 4%), 
cooled to —60° 
4 
: 
_ 
Cis Filtrate _ 
Dissolved in petroleum ether, 1.1 gm., I No. 88.52, m.p. 2.5-3.8 
cooled to —60° | 
Masiihina : 
Cis Filtrate 
38 gm., I No. 88.81, thiocyanogen No. 88.1, m.p. 0.6 gm., I No. 88.6, m.p 
12.3-12.5°, mol. wt. 279.7, dihydroxy acid 0.5-1.2° 


m.p. 128.5-129.5° 


from 12 to 38 per cent. There is no question that in some specimens d 
linseed oil, oleic acid is practically a minor component acid. So far as we 
know, the actual isolation of oleic acid from this oil has not been previously 
attempted 

The Cy, esters of linseed oil consist of methyl stearate, oleate, linoleate, 


and linolenate, the last in preponderant amount. In the preparation @ 
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these esters there was some question concerning the possibility of distilling 
them without serious alteration. We are including, therefore, the dis- 
tillation data in Table V. 

‘The separation described in Table V was extremely efficient. Most of 
the previous analyses of linseed oil have not included values for other 
series than the Cis. Griffiths ef al. (23), however, did report 5.4 per cent 
of palmitic, 0.2 per cent myristic, and 0.6 per cent arachidic acids. The 


TABLE V 


Analytical Constants of Various Fractions of Linseed Oil 


























Mol. wt. 
Fraction B.p Weight ‘ I No. — 
Esters Acids 
°C gm. 

A-l 118 -120.5 5.7 253.3 239.3 1.33 Ci-Cig 

A-2 120.5-125 37.9 270.1 256.1 9.56 Cis 

A-3 125 -136 15.7 284.3 271.3 120.8 Cie-C ig 

A-4 136 -140 695.6 294.5 280.5 197.5 Cis 

A-5 Residue 9.2 299.2 285.2 110.6 Cis 

Total 764.1 
Cuart IV 
Removal of Methyl Stearate from C,s Esters of Linseed Oil 
405 gm., I No. 197.5, dissolved in 8 liters MeOH, cooled to —25° 
| ae , 
C,, redissolved in MeOH, cooled to —25° F,, 379.5 gm., I No. 206.6 
| 
C:, redissolved in 8 liters MeOH, cooled to —25° F,, 6 gm., I No. 80.94 
4 
o a 7 1 ~<a - a 

C;, methyl stearate, 13.5 gm., I No. 0.0, m.p. 37.4° F;, 3.2 gm., I No. 67.06 


(3.3% of Cis fraction) 


molecular weights in Table V confirm the presence of these other carbon 
series. The residue, Fraction A-5, 9.2 gm., of molecular weight 285.2, is 
clear evidence that the distillation was carried out without appreciable 
polymerization, and further confirms the fact that only traces of Coo acids 
are found in this oil. The iodine number, 9.6, of the Cy. fraction, A-2, 
is an indication of the probable presence of hexadecenoic acid in this oil. 

The isolation of methy! oleate from Fraction A-4 of Table V was carried 
out in three series of crystallizations as noted in Charts IV, V, and VI. 











Cuart V 
Removal of Methyl Oleate from More Unsaturated Esters 
200 gm. of F,, I No. 206.6 
in 4 liters MeOH, cooled to —20° 


. 














4 4 
C,, 3.5 gm., I No. 68.8 F,, cooled to —39° 
| 
4 
premiere 
C;, 1.0 gm., I No. 137.6 F;, cooled to —48° 
! : ] 
Cs, 31.5 gm., I No. 98.6 F,, cooled to —55° 
| 
4 | 
C;, 10.5 gm., I No. 116.1 F;, cooled to —60° 





4 4 
Cs, 2.5 gm., I No. 206.7 Fs, 147.5 gm., I No. 2110 
Simplified Procedure 
177 gm. F; fraction, I No. 206.6, dissolved in 2.5 liters MeOH, cooled 








to —20 
| 
4 : ‘ 
C,, 2.5 gm., I No. 71.7 F,, cooled to —55° 
| 
i 
4 4 
Cr, 48 gm., I No. 122.9 F,, 126 gm., I No. 239.7 
Cuart VI 


Purification of Methyl Oleate Fraction 


Combined C; through C;, 89.5 gm., I No. 120.5 (calculated), dissolved 
in 3.25 liters acetone, cooled to —70° 








; i 
C,, redissolved in 3.25 liters acetone, F:, 25.5 gm., I No. 200 
cooled to —67° 
4 
C2, 57 gm., I No. 81.8, dissolved in F:, 5 gm., I No. 103.3 


3.25 liters acetone, cooled to —67° 
1 





| > 
C;, 47.5 gm., I No. 80.7, dissolved in F;, 3.8 gm., I No. 63.46 
2 liters MeOH, cooled to —32° 





| | 
C,, 1.2 gm., I No. 76.35 F,, cooled to —63° 
4 





~. 


1 | 
Cs, 36.5 gm., I No. 86.64 F;, 1.0 gm., I No. 88.61 
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The methy! oleate, C; of Chart VI, was converted into oleic acid which, 
was recrystallized from petroleum ether as described in Chart VII. 

The final product, C, of Chart VII, apparently was one of the best of our 
preparations of oleic acid as noted from the melting point and other con- 
stants. It was apparently identical with the oleic acid from olive oil. 


Cuart VII 
Further Purification of Oleic Acid from Linseed Oil 


Oleic acid, 19.0 gm., I No. 88.65, thiocyanogen No. 88.41, m.p. 13.05- 
13.30°, dissolved in petroleum ether (2%), cooled to —60° 


. 








C:, redissolved in petroleum ether, F,, 0.5 gm., I No. 89.6, 
cooled to —60° m.p. 1.5-2.5° 
| 
4 
| : | 
C:, 15.3 gm., I No. 90.06, thiocyanogen No. 89.13, F,,0.4 gm., m.p. 4.75-5.5° 


m.p. 13.3-13.5°, mol. wt. 280.6 


SUMMARY 


1. Octadecenoic acids have been isolated by low temperature crystalliza- 
tion of the C;s methyl esters of a number of fats and oils and lipids of animal 
and vegetable origin. These octadecenoic acids have been compared with 
oleic acid made by similar methods from olive oil. 

2. The octadecenoic acids of chicken fat, and of peanut, cottonseed, corn, 
and linseed oils appear to be identical with the oleic acid of olive oil. On 
the other hand, the octadecenoic acids of lard, beef tallow, beef adrenal 
phosphatides, pork liver lipids, human fat, and, to a somewhat lesser extent, 
soy bean and rape-seed oils appear to be mixtures of oleic acid with other 
isomeric octadecenoic acids, oleic acid being the principal component of 
these mixtures. 

3. The evidence for these conclusions is based on the low melting points 
of the original preparations, the even lower melting points of certain filtrate 
fractions obtained by crvstallization of these specimens, and the melting 
points of the dihydroxy acids. 

4. So far as beef fat and lard are concerned, these results appear to con- 
firm the previously reported presence of vaccenic acid in these fats. Our 
results and those previously reported point to the likelihood of a rather 
general occurrence of octadecenoic acids other than oleic in fats and other 
lipids of animal origin. 

5. Details are presented of the isolation of oleic acid from lard and from 
linseed oil. 
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PHOSPHORYLCHOLINE 
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The synthesis of phosphorylcholine has been attempted already in a 
number of different ways. No less than five methods for its preparation 
have been developed. They include the phosphorylation of choline halide 
by (a) phosphorus oxychloride (1-3), (b) phosphorus pentoxide or phos- 
phorus pentoxide and anhydrous phosphoric acid (2, 4-7), (c) ethyl meta- 
phosphate (8), and the phosphorylation of ethylene chlorohydrin by (d) 
phosphorus oxychloride (2, 5, 9), (e) ethyl metaphosphate (8, 10, 11) with 
subsequent transformation of the phosphoryl ethylene chlorohydrin into 
phosphorylcholine by means of trimethylamine. The procedures give at 
best complex reaction mixtures from which the desired pure compounds 
can be isolated only with difficulty and in poor yields. An improved syn- 
thesis of phosphorylcholine was desirable which would supply the sub- 
stance in a pure form for chemical and biochemical investigations. 

Most complications encountered in the earlier procedures can be traced 
back to the use of unsuitable phosphorylating agents. Diphenylphos- 
phory! chloride, recently introduced for this purpose (12), was found emi- 
nently suited for the phosphorylation of choline and its use led to the 
development of a new procedure which has the distinct advantage of pro- 
ducing the ester in a pure state. The esterification (Equation A) is carried 
out in dry pyridine at room temperature and proceeds without the forma- 
tion of secondary reaction products. Diphenylphosphorylcholine (1) is 
isolated from an aqueous solution of the reaction mixture in the form of its 
insoluble chloroaurate (approximately 90 per cent) from which it is re- 
covered by treatment with finely divided metallic silver (13) in a yield of 
98 per cent. 

(A) Cl(CH;);N-CH.:CH,OH + Cl—PO(OC¢H;): + CsHsN — 
Cl(CH;);N-CH,CH,—O—PO(OC,H;s): + CsH;sN-HCl 
(I) 
(B) Cl(CH,);N-CH,CH,—O—PO(OC,H;): + SH: => 
Cl(CH;);N -CH,CH;—O—PO(OH). + 2C-Hiz 
(II) 


The phenyl groups of the pheny!] ester are eliminated by catalytic hydro- 
genolysis in methanol with platinum and hydrogen at room temperature 
451 
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(Equation B). Based on the amount of choline chloride used, the over- 
all yield of phosphorylcholine is usually about 88 per cent. When an 
aqueous solution of phosphorylcholine halide (II) is digested with barium 
carbonate, the barium salt is formed which, after removal of the excess 
barium carbonate, precipitates in glistening leaflets on the addition of 
ethanol. The substance is obtained immediately in analytically pure form. 
For analysis the substance was dried in vacuo (about 0.5 mm. of Hg) at 
100° over phosphorus pentoxide to constant weight. The analytical 
values obtained for C, H, N, P, Cl, and Ba corresponded very well with 
those calculated for the anhydrous barium salt of phosphorylcholine. 

The investigation of phosphorylcholine by Plimmer and Burch (2) and 
Beznak and Chain (7) revealed the interesting fact that in contrast to most 
choline esters (e.g. lecithin, acetylcholine) the phosphoric acid ester is 
unusually resistant to acid and alkali. 

Information pertaining to the chemical hydrolysis of phosphorylcholine 
being meager, further investigation was carried out with pure phosphoryl- 
choline prepared as described below. For comparative purposes a similar 
study was made with phosphorylcholine prepared according to the direc- 
tions of Plimmer and Burch.’ The rates of hydrolysis of both phosphoryl- 
choline preparations were investigated first at 100° + 1° in 1 n hydrochloric 
acid (see Fig. 1, Curve 5). The results were roughly comparable with 
those obtained by Plimmer and Burch. The cleavage under these condi- 
tions was extremely slow, approximately 20 per cent in 12 hours [Kaog 1) 
= 13 X 10~}]. The hydrolysis therefore was studied also in 2 nN hydro- 
chloric acid at 125° + 1°. The adoption of these conditions, used pre- 
viously with good results by Lohmann (14) and Meyerhof and Kiessling 
(15) in their investigations of the organic phosphates involved in carbohy- 
drate metabolism, enabled us to carry out the complete hydrolysis of phos- 


phorylcholine in a reasonable period of time and to compare its rate with | 


1 Plimmer and Burch (2) reported that their barium salt of phosphorylcholine 
which contained 4 molecules (16.88 per cent) of water when air-dried still retained 
water of crystallization in amounts varying between 8.4 and 4.55 per cent after hav- 
ing been dried in vacuo at 100° over phosphorus pentoxide. Such a retention of water 
of crystallization at 100° is at variance with our experience. 

2 The latter preparation was not obtained free from impurities. The presence of 
these became manifest when freshly prepared solutions of a repeatedly recrystallized | 
barium salt of phosphorylcholine in 2 N hydrochloric acid developed inorganic phos- 
phate on standing at room temperature. The lability of the impurity to acid sug- 
gested the presence of pyrophosphate, the formation of which may have been caused 
by the use of a mixture of phosphorus pentoxide and phosphoric acid. The con- 
taminant, which if not removed would falsify the hydrolysis curve of phosphoryl- 





choline, was destroyed by heating the solution of the barium salt in 2 Nn hydrochloric 
acid to 100° fora period of 3hours. The resulting solution, free from easily hydrolyz- | 
able phosphate, was used for the investigation. 
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those of other organic phosphates of similar constitution. The hydrolysis 
curves of our phosphorylcholine (Fig. 1, Curve 3) and of the preparation 
made by us according to Plimmer and Burch, but purified by preliminary 
partial hydrolysis, were found to follow closely the theoretical curve of a 
pseudounimolecular reaction [Kucg 1) = 1.16 X 10%]. Notwithstanding 
the conflicting analytical reports mentioned,'! the pronounced similarity 
of both curves of hydrolysis confirms the identity of the phosphorylcholine 
preparations. 

To earlier observers the insignificant hydrolysis of phosphorylcholine 
at 100° indicated an abnormally high acid stability but the newly deter- 
mined rate of hydrolysis of phosphorylcholine at 125° placed the substance 
with regard to its acid stability in the same class as a-glycerophosphoric 
acid, 8-glycerophosphoric acid, and glyceric acid-3-phosphorie acid (15). 
Since all four substances have similar stabilities but with the exception of 
phosphorylcholine are unable to form a betain, it is unlikely that this 
structure is responsible for the acid stability of phosphorylcholine as sug- 
gested by Beznak and Chain (7). The acid stability of phosphorylcholine 
probably is due to the fact that it is a mono ester of phosphoric acid.’ 

According to previous reports phosphorylcholine was neither saponified 
by 2 N alkali at 100° in 100 hours (2) nor by 10 N alkali at approximately 
118-120° in 30 minutes (7). On raising the temperature of saponification 
in 2 N potassium hydroxide to 125° and extending the time to 50 hours, we 
found that 40 per cent of the organic phosphate was mineralized (Curve 
2, Fig. 2). The saponification of phosphorylcholine at this temperature 
may, however, be accompanied by side reactions. The recognition of a 
strong odor of trimethylamine suggested that decomposition either of 
the ester or of free choline was occurring. However, under the conditions 
of the experiment it was impossible to determine the amount of trimethyl- 
amine formed or which of the two compounds gave rise to it. Some 
doubt may exist therefore as to whether the rate of saponification of phos- 
phorylcholine is truly represented by Curve 2. However, the rate of sapon- 
ification of a-glycerophosphate in 2 N potassium hydroxide at 125° + 1°, 
although slightly higher than that of phosphorylcholine, was found to be of 
the same order of magnitude. 

The action of true cholinesterase and pseudocholinesterase on phos- 
phoryleholine has been investigated by Miss Dorothy B. Mundell. The 
results of this investigation, described in an appendix to the experimental 
part, indicate that the primary function of this compound is not as a deriva- 
tive of choline but rather as a phosphoric acid ester. In support of this 

*The great instability of both triose monophosphoric acids in dilute hot acids 


(16, 17), an apparent exception, in reality is due to decomposition into methyl- 
glyoxal and inorganic phosphate and not to hydrolysis. 
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view is the finding of Plimmer and Burch (2) that the compound is split 
by phosphatase. 

The remarkable stability of phosphorylicholine to acid and alkali is of 
peculiar interest in view of the ease with which lecithin is broken down. 
The digestion of lecithin even with dilute acid or alkali at room temperature 
liberates choline (18). Phosphorylcholine, however, is hydrolyzed only 
when a strong acid or a strong alkali at a high temperature is employed. 
Thus it seems that the stability of an ester bond in an organic phosphate 
can vary considerably and that the sequence and the ease with which these 
linkages are opened depend on the degree of esterification and the nature of 
the substituents. In view of the importance of organic phosphates in 
metabolism the absolute and relative stabilities of secondary and tertiary 


esters deserve further investigation. 
EXPERIMENTAL 


Diphenylphosphorylcholine Chloroaurate—A mixture of 4.19 gm. (0.030 
mole) of finely pulverized dry choline chloride, 8.65 gm. (0.033 mole) of 
diphenylphosphoryl chloride (12), and 26 gm. (0.33 mole) of dry pyri- 
dine* was shaken with several heavy glass rods in a closed bottle for 2 days 
at room temperature. The pasty mixture was transferred to a distilling 
flask and the excess pyridine was removed as thoroughly as possible by 
distillation under reduced pressure at 40°. In order to isolate the diphenyl- 
phosphorylcholine chloride the residue was dissolved in 650 cc. of water 
and a concentrated aqueous solution of 18.0 gm. (0.045 mole) of sodium 
chloroaurate (2H:O) was added. The precipitate was filtered off with 
suction, washed with a small volume of cold water, and dried in vacuo over 
CaCl. 

The mixture of the chloroaurates of pyridine and diphenylphosphoryl- 
choline was extracted with boiling ethyl acetate. The filtrate was cooled 
and diphenylphosphorylcholine chloroaurate separated in bright yellow 
needles. This material usually melted incompletely at 108-118°, leaving 
a skeleton of a higher melting substance, presumably pyridine chloroaurate. 
Repeated recrystallization from ethyl acetate raised the melting point to 
122—123°; vield 18.0 to 18.5 gm. (approximately 90 per cent). The product 
melting at this temperature gave a clear melt. Further recrystallization 
from methanol which yielded the chloroaurate in bright yellow platelets 
did not raise the melting point. The substance is soluble in cold dioxane 
and hot absolute methanol, slightly soluble in cold 99 per cent ethanol and 
boiling water. It is insoluble in hot benzene and boiling ether. 

‘In order to obtain high yields of diphenylphosphorylcholine chloride a large 
excess of pyridine is necessary, since choline chloride is only slightly soluble in this 


solvent 
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For analysis the diphenylphosphorylcholine chloroaurate was kept over 
phosphorus pentoxide in vacuo at room temperature for 12 hours. 
Cy7H2;30,N CIP- AuCl; (675.5 
Calculated. C 30.25, H 3.43, N 2.08, Cl 21.00, P 4.59, Au 29.2 
Found. *2.2, * 3.03, * 3.06, " Be“ tae Ft 


Diphe nylphosphorylcholine Chloride The pure chloroaurate was decom- 
posed with metallic silver according to the procedure of Dudley (13). A 
solution of 18.0 gm. of diphenylphosphorylcholine chloroaurate in 120 ce. 
of hot methanol was stirred with 60 gm. of finely divided silver until the 
solution became colorless (approximately 2 to 3 minutes). The inorganic 
material was filtered off, washed well with hot methanol, and the combined 
filtrate and washings were taken to dryness under reduced pressure. 
Yield 9.70 gm.; 98 per cent of theory. The hygroscopic ester is very soluble 
in water and alcohol but only slightly soluble in anhydrous acetone. 

For analysis the substance was crystallized from anhydrous acetone con- 
taining 2.5 per cent methanol and dried in vacuo over phosphorus pentoxide 
at room temperature for 3 days. White needles, m.p. 133-134°.5 

Cy7H230,NCIP (371.8) 

Calculated. C 54.91, H 6.23, N 3.77, C1 9.5, P 8.33 
Found. Le ”6 SE”6 6 OL ee 


Barium Salt of Phosphorylcholine Chloride—A solution of 9.70 gm. (0.026 
mole) of diphenylphosphorylcholine chloride in 225 cc. of anhydrous 
methanol and 2.0 gm. of platinum oxide (Adams’ catalyst) was shaken 
vigorously in an atmosphere of pure hydrogen at a pressure of approxi- 
mately 40 to 50 cm. of water. The reaction mixture was kept cool (15-20°) 
by dropping ether on the reaction vessel. Absorption of the gas ceased 
when 4890 cc.® of hydrogen (normal temperature and pressure), 7.e. 
the theoretical amount, were taken up. The catalyst was filtered off, 
washed with methanol, and the combined filtrate and washings were evap- 
orated to dryness in vacuo. Yield 5.8 gm. (100 per cent) of phosphoryl- 
choline chloride. The over-all yield, including this step, is about 88 per 
cent. The very viscous residue was dissolved in 65 ec. of water and was 
digested with an excess of barium carbonate on a hot water bath. The 
filtrate and washings from the undissolved barium carbonate were com- 
bined and concentrated to a volume of 30 ec. On dropwise addition of 


’ This melting point is given with reservation, since the hygroscopicity of the sub- 
stance makes it difficult to take without special precautions. The substance was 
dried in the melting point tube over phosphorus pentoxide in vacuo at room tem- 
perature for 3 days and the tube was sealed immediately on removal frem the desic- 
cator. 

® Included is the amount of hydrogen required for the reduction of the catalyst. 
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180 cc. of 99 per cent ethanol the barium salt of phosphorylcholine sep- 
arated in leaflets. The salt is readily soluble in water but insoluble in 
ethanol. 
For analysis the salt was dried in vacuo (0.56 mm.) over phosphorus 
pentoxide at 100° for 16 hours. 
C;H,;0,NCIPBa-H,0 (373) 
Calculated. C 16.10, H 4.05, N 3.75, Cl 9.51, P 8.31, Ba 36.83 
CsH,;0,NCIPBa (355) 
Calculated. C 16.90, H 3.69, N 3.94, Cl 9.99, P 8.74, Ba 38.67 
Found. ** 16.90, “* 3.75, “ 3.92, “ 10.0, ‘* 8.90, * 38.70 


Acid Hydrolysis of Phosphorylcholine—A series of sealed off Pyrex test- 
tubes,’ each containing 6 to 7 cc. of 0.00365 m solution of phosphorylcholine 
in 2 Nn HCl, was kept in a bath at 125° + 1°. At intervals of 1 hour during 
the early stages of the hydrolysis and of 2 hours towards its end tubes 
were removed and their inorganic phosphorus was determined colori- 
metrically. King’s procedure (19) in a slightly modified form was used. 
The addition of perchloric acid was omitted and the standards and samples 
were made up to contain equal amounts of hydrochloric acid (5 ec. of 2 n 
HC] per 15 ec.). The determination of the total phosphorus was carried 
out according to King’s original procedure. The hydrolysis at 100° was 
carried out in essentially the same manner with a 0.03 M solution of phos- 
phorylcholine in 1 N hydrochloric acid. The rates of hydrolysis of phos- 
phorylcholine are shown in Fig. 1 (Curves 3 and 5). 

Alkali Hydrolysis of Phosphorylcholine—The potassium salt of phos- 
phorylcholine was prepared for the study of the hydrolysis of phosphoryl- 
choline in potassium hydroxide solution.’ A boiling solution of 50 mg. of 
potassium sulfate in 10 cc. of water was added to a hot solution of 90 mg. 
of barium phosphorylcholine in 10 ec. of water. The barium sulfate was 
filtered off and the aqueous solution was evaporated in vacuo to dryness. 
The residue was dissolved in 75 cc. of 2 N potassium hydroxide and a por- 
tion of this solution (55 cc.) was placed in a silver-lined copper pressure 
vessel. The vessel was sealed and after being heated in a boiling water 
bath for 5 minutes it was transferred to an oven kept at 125° + 1°. Ali- 
quots (5 ec.) for the determination of inorganic phosphate were taken at 
the end of 4, 20, 32, and 47 hours. 


? The surface of the test-tubes was freed from material which develops a blue color 
with the phosphate reagent by treating the tubes with boiling 5 nN hydrochloric acid 
for a period of 5 hours. 

* Potassium hydroxide was chosen, because on the addition of perchloric acid most 
of the salt which interferes with color development is removed 

* An attempt to carry out the alkaline hydrolysis in sealed Pyrex test-tubes failed, 
because the amount of chromogenic material leached from the glass was variable and 
greatly exceeded the quantity derived by hydrolysis of organic phosphate. 
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To each of the aliquots 2.12 ec. of 60 per cent perchloric acid were added 
(0.92 ec. was required for neutralization) and the potassium perchlorate 
was filtered off. The precipitate was washed with three 1 cc. portions of 
water. The filtrate and washings of each aliquot were transferred quan- 
titatively to a 15 ec. volumetric flask. 

The total phosphorus in the alkaline solution of the potassium salt was 
determined by digesting 1.00 ec. of the mixture with 1.8 cc. of 60 per cent 
perchloric acid in the manner described by King. After the contents of the 
digestion tube were diluted with 3 cc. of water, the potassium perchlorate 
was filtered off and washed three times with 1 cc. of water. The filtrate 
and washings were collected in a 15 ec. volumetric flask. 
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Fig. 1. Hydrolysis curves of (Curve 1) glyceric acid-3-phosphoric acid in 2.035 
n HCI at 124°, (Curve 2) 8-glycerophosphoric acid in 2.035 n HCl at 124°, (Curve 3) 
phosphorylcholine in 2.0 N HCl at 125° + 1°, (Curve 4) a-glycerophosphoric acid in 
2.14 N HCl at 127°, (Curve 5) phosphorylcholine in 1.0 Nn HCl] at 100°. Curves 1, 2, 4 
were constructed from the data given by Meyerhof and Kiessling (15). The hydroly- 
sis curve of phosphorylcholine prepared by us according to the procedure of Plimmer 
and Burch is identical with Curve 3. The values of k were calculated with the minute 


as the unit of time. 


To make the conditions in the standards comparable with those in the 
samples a special dilute phosphate standard had to be prepared. 2.50 cc. 
of the stock solution of KH2PO, (2.1935 gm. per 500 cc.) were diluted to 
250 ec. with 2 Nn KOH. To 5 cc. of this solution 2.12 cc. of 60 per cent 
perchloric acid were added. The potassium perchlorate was filtered off, 
washed with three 1 cc. portions of water, and the filtrate and washings were 
collected in a 15 ce. volumetric flask. 

Colors were developed in the standard and test solutions by adding | 
ec. of 5 per cent ammonium molybdate and 0.5 cc. of aminonaphtholsulfonic 
acid reagent. The volumes were made up to 15 ce. with water. After 
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Fig. 2. Hydrolysis curves of (Curve 1) a-glycerophosphoric acid in 2 N potassium | 


hydroxide at 125° + 1°, (Curve 2) phosphorylcholine in 2 N potassium hydroxide at | 


125° + 1°. 


TABLE I 
Hydrolysis of Phosphorylcholine by Cholinesterase 





Amount of inorganic P* found ee 
Type and quantity of purified cholinesterase acting Time on enpesimental solutions phosphorus 
on 275 mg. per cent solution of phosphorylcholine - in experi- \ 
Without eserine bg nb Lo = 
Ars. meg. me. me. 
Pseudocholin- | From dog pancreas 0 0 
esterase 21),f 14 = unitst 2 0.105 2.25 
Qach. 30,000 6 0.363 0.356 
From horse serum (22),f 0 0 0 
74 units Qach. 54,000 6 0 0 1.12 
True cholin- | From human red blood 6 0.01 (ca.) | 0.01 (ca. 1.0 
esterase cells (20),¢ 18.2 units 
Qach. 500 
From human red blood 73 0.03 ** 6.0“ 1.0 


cells 61 units Qach. 
500 


* Determined according to King (19). 
t Bibliographic reference number. 

t 1 unit of cholinesterase is defined as the amount of enzyme capable of hydrolyz- 
ing 7.3 mg. of acetylcholine at a substrate concentration of 1 per cent acetylcholine 
for pseudocholinesterase and 10 mg. per cent of acetylcholine for true cholinesterase. 


15 minutes, the unknowns were compared colorimetrically with the 
standard. The hydrolysis curve is given in Fig. 2, Curve 2. 


The rate of hydrolysis of a-glycerophosphoric acid in 2 N potassium 
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hydroxide at 125° + 1° was determined in the same manner (Fig. 2, Curve 
1). 
Cholinesterase and Phosphorylcholine 
By Dorotuy B. MuNDELL 

Purified preparations of true and pseudocholinesterase (20) were al- 
lowed to react with phosphorylcholine, the experiments being carried 
out at 37.5° and pH 7.4 (0.025 m bicarbonate in equilibrium with 5 per cent 
COs in Ne). 

From Table I it is seen that the small amounts of P found were the same 
whether or not eserine was present. Since cholinesterase is inhibited by 
eserine, any action on phosphorylcholine was probably due to some phos- 
phatase in the purified preparations. 

Conclusions—Neither true nor pseudocholinesterase is able to hydrolyze 
phosphorylcholine. This confirms the results of Beznék and Chain (7) who 
found no action of serum cholinesterase on phosphorylcholine by their 
method. 

SUMMARY 


1. A new synthesis of phosphorylcholine is described in which no second- 
ary reaction products are formed. The intermediates and the end-product 
are obtained readily in a pure condition and in excellent yields. 

2. The synthesis involves three steps: (a) phosphorylation of choline 
halide with diphenylphosphory! chloride in pyridine and isolation of di- 
phenylphosphorylcholine as chloroaurate; (b) decomposition of the chloro- 
aurate with metallic silver to obtain the diphenylphosphorylcholine; (c) 
catalytic hydrogenolysis of the phenyl ester to phosphorylcholine and the 
preparation of the barium salt. 

3. The rates of hydrolysis of phosphorylcholine in acid at 100° and 125° 
and alkali at 125° were determined and found comparable with those of 
a-glycerophosphoric acid, 6-glycerophosphoric acid, and glyceric acid-3- 
phosphoric acid. 

4. True cholinesterase and pseudocholinesterase do not hydrolyze 


phosphorylcholine. 


Grateful acknowledgment is made to the Banting Research Foundation 
for grants to two of the authors (C. 8. McA. and D. B. M.). The micro 
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The many studies on the action of temperature changes upon the cata- 
lase-H,O,. system have been reviewed by Zeile (25). Some workers have 
found that this reaction, like many other enzyme-catalyzed reactions, 
increases with temperature in accordance with the Arrhenius equation 
(cf. Sizer (16)) with corresponding activation energies varying from 2600 
to 6200 calories per gm. molecule. Others (cf. Williams (24)) have found 
that the activation energy changes both with temperature and pH, while 
Morgulis et al. (12) came to the conclusion that the optimum temperature 
for catalase action is at 2° instead of 40—50° as reported by others. Above 
the optimum temperature the rate of catalase inactivation increases 
rapidly with temperature, and the corresponding activation energies are 
between 30,000 and 50,000 calories per gm. molecule. Part of the difficulty 
in procuring significant data on the effects of temperature on the catalase- 
H,O, system arises from the fact that, due to its strong oxidizing power, 
H,Oz is a very toxic substance and rapidly inactivates the catalase. To 
overcome this major difficulty in the present investigation very dilute 
peroxide solutions at optimum pH have been employed, and manometric 
data on oxygen evolution from peroxide during only the initial few minutes 
of the reaction have been used, during which time the destruction of the 
enzyme by the dilute peroxide solution is almost negligible. Another diffi- 
culty has been that all previous workers have utilized impure enzyme prep- 
arations from a variety of sources; it seems possible that such impurities 
have exerted some influence on the kinetics of the reaction. In this study 
use has been made of once recrystallized beef liver catalase. The inactiva- 
tion of catalase by heat has been investigated both in the presence and 
absence of substrate. 


Methods 


The catalase used in these experiments was prepared from beef liver and 
was once recrystallized according t» the method of Sumner and Dounce 
(21). A saturated solution of crystalline catalase was kept in the refriger- 
ator and for each series of experiments a suitable dilution of the enzyme 

461 








462 CATALASE-HYDROGEN PEROXIDE SYSTEM 


was made. Although several different preparations of crystalline catalase 
were made from liver, no important difference in their behavior was noticed. 
The reaction was followed by measuring oxygen evolution from H2O2 with 
a Warburg-Barcroft manometer, with a reaction vessel having a single side 
arm. In the cup were placed 1 ml. of suitably diluted catalase, 1 ml. of 
0.03 m phosphate buffer, pH 6.9, and in the side arm, | ml. of 0.03 m H2Qsz. 
The compensating vessel contained the same, but with water substituted 
for enzyme. After 2 minutes of shaking (110 strokes per minute) in the 
water bath (temperature control = +0.02°) the stop-cocks were closed 
and the reaction initiated by tipping the peroxide into the buffered catalase 
solution. Usually about ten readings were made on the manometers at 
each temperature at intervals determined by the speed of the reaction. 

A fresh H.O, solution was prepared for each series of temperature studies 
run on a given day. The peroxide solutions were checked by titration with 
permanganate and it was found that the peroxide concentration did not 
change during the 8 hours of the experiment. Preliminary studies were 
performed in which the permanganate method of titrating the residual 
peroxide was used to indicate the course of the reaction. This method 
proved much less sensitive than the manometric method and required 
higher concentrations of catalase and peroxide, and was therefore not used. 

Preliminary experiments indicated that the rate of destruction of H.O, 
increases with temperature up to about 53°, above which the rate decreases 
rapidly owing to the destruction of the catalase by heat. For experimental 
purposes the temperature range was divided into two portions which were 
studied separately: (a) the range of 0—-40° in which the enzyme-catalyzed 
reaction predominates, and (b) the range from 57—68° in which the destruc- 
tion of the enzyme is the major reaction. A given range of temperature 
was studied on a single day with the same enzyme and peroxide solutions 
throughout. Two different techniques were employed in the investiga- 
tion of the heat inactivation of catalase. The first technique is the same 
as that used at lower temperatures and involves adapting to temperature 
for 2 minutes before the peroxide is added. In this method (essentially 
that used by Johnson et al. (7) for luciferase) the observed temperature 
effects represent a combination of the acceleration of the enzyme-catalyzed 
reaction with rise in temperature and the retardation of the decomposition 
of H,O, with rise in temperature due to increased enzyme destruction caused 
by the higher temperature. In the second technique 1 ml. of buffer after 
adjustment to temperature is added to 1 ml. of enzyme solution and in- 
cubated at the desired temperature for 5 minutes. The solution is then 
cooled rapidly on ice, and the residual catalase activity determined at 35° 
by adding 1 ml. of 0.03 m H.O, and following the reaction in the usual way. 
Data on volumes of oxygen evolved at different temperatures were con- 


verted to standard temperature before being analyzed. 
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Results 

The temperature range from 2—40° was investigated at 5° intervals in five 
different series of experiments. At each temperature, including those at 
which inactivation of catalase occurs, the reaction follows zero order 
kinetics for a brief period. Typical data are shown in Fig. 1, where oxygen 
evolution is plotted against elapsed time in minutes. After 200 to 300 
c.mm. of gas have been evolved, the plotted points fall off from the curve, 
suggesting some destruction of the enzyme by the peroxide. Most workers 
(cf. Sumner (20)) have considered this reaction monomolecular, but in the 





(mm) 
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Fic. 1. Oxygen evolution from an 0.01 m H,O; solution at pH 6.9 is plotted against 
elapsed time in minutes. The reaction catalyzed by a dilute solution of crystalline 
catalase is linear for a brief period at each temperature. 


data presented in Fig. 1 the reaction is of zero order rather than mono- 
molecular. The difference is probably related to the fact that in the present 
study different techniques and concentrations of reactants have been em- 
ployed and attention is focused on the very early part of the reaction, 
before any appreciable catalase inactivation has occurred. 

The rate at each temperature was calculated from the slope of the straight 
line which best fitted the plotted points. When log rate is plotted against 
the reciprocal of the absolute temperature (Fig. 2), the data are best fitted 
by a straight line in the temperature range from 2-40°. The slope of the 
line corresponds to an activation energy' of 4200 calories per gm. mole- 


_ (log k2 — log k:) 


TF ' ; os ’ 
u in the Arrhenius equation, » = 4.6 where k, and ky» are rates at 
(1/T; —1/T2) 


the absolute temperatures 7 and 7's. 
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cule. Similar results were obtained in the other series of experiments. 
At temperatures at which neither the enzyme-catalyzed reaction nor the 
destruction of the enzyme predominates, it was experimentally difficult 
to obtain quantitative data. Above 55° the latter phenomenon predomi- 
nates and the reaction again can be followed quantitatively. From Fig. 
2 it is apparent that the rate of peroxide decomposition by catalase de- 
creases sharply with rise in temperature above 55° owing to the high tem- 
perature coefficient for inactivation of the enzyme. The heat inactivation 
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Fig. 2. Log rate of decomposition of H,O, (as measured by oxygen evolution) 
catalyzed by crystalline catalase is plotted against 1/7. The rate increases in ac- 
cordance with the Arrhenius equation («1 = 4200 calories) up to about 53°, above which 
it decreases owing to heat inactivation of catalase, in accordance with the Arrhenius 


equation (u = 51,000 calories uncorrected). 


of catalase increases with temperature in accordance with the Arrhenius 
equation; the slope of the line in the graph corresponds to an apparent 
activation energy of 51,000 calories. Since this value is the resultant of 
the effects of temperature upon both the H.O,.-catalase system and the in- 
activation of the enzyme, the true value for the latter is 51,000 ++ 4200 
or 55,200 calories. 

In the second method of studying the inactivation of catalase by heat, 
the enzyme and buffer were incubated at a given temperature for 5 minutes 
and the residual activity determined manometrically after addition of 
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Fic. 3. The log rate of inactivation of catalase at pH 6.9 by heat at 62° is plotted 
against elapsed time. The inactivation is monomolecular. k = 0.215 (logio, 
minutes). 





LOG RATE 0, EVOLUTION (mm/min) 











Yr x 193 


Fic. 4. Heat inactivation of catalase. After 5 minutes incubation at pH 6.9 at 
each temperature the residual catalase activity is measured at 35° by determining 
the rate of liberation of O02. from H,O:. The log rate is plotted against 1/7. Below 
62° the activation energy for the heat destruction of catalase is 55,000 calories; 
above this temperature it is about 255,000 calories. 


H,O, at 35°. In studying the kinetics of inactivation of catalase we found 
that at a given temperature inactivation increases with incubation time, 
in accordance with the unimolecular equation (Fig. 3). The inactivation 
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reaction as a function of temperature follows the Arrhenius equation up to 
about 62° (Fig. 4) and is characterized by an activation energy of about 
55,000 calories, which is the same as the corrected value obtained by the 
first technique. It should be pointed out, however, that H.Os, a strong 
oxidizing agent, is present in the first technique but not in the other, but 
despite this the same activation energy for heat inactivation is obtained 
by both methods in the temperature range below 62°. Above 62° (studied 
only by the second method), however, the temperature effect abruptly 
changes (Fig. 4) and from 62-68° the activation energy becomes about 
255,000 calories. This value as well as the critical temperature varies 
considerably from one experiment to the next and, owing to experimental 
difficulties, cannot be measured with any great certainty. 

In some experiments, but not in all, the activity was somewhat higher 
after 5 minutes incubation of enzyme and buffer at 57° than for the un- 
heated control, when the activity of both was measured at 35°. This 
“temperature activation”’ of the enzyme is probably due to the destruction 
of traces of catalase inhibitor which may have been present. These results 
are consistent with reports that a catalase inhibitor, unstable at 40—60°, 
accompanies catalase in blood, fat, and liver (1, 19). Neither this tem- 
perature activation at 57° nor the temperature inactivation of catalase 
at higher temperatures appears to be reversible. 

The entropy change which characterizes the catalytic breakdown of H.O» 
by catalase can be calculated from the equation of Glasstone, Laidler, and 
Eyring (4) 

k = hi KT s/n T AS/R 


h 
where k is the velocity constant, k! is the transmission coefficient which can 
usually be assumed to be unity, A is Boltzmann’s constant, h is Planck’s 
constant, £ is the activation energy which in enzyme reactions is essentially 
equal to u, AS is the entropy of activation, and the other symbols have their 
usual meaning. At 0° this equation reduces to 


-- —E/ 4 S/R 
ko = 5.7 X 10e~F/FT ASIA 


where ko, the velocity constant at 0°, is calculated to the base e, and is ex- 
pressed in seconds per mole of enzyme per liter. The ko of crystalline 
beef liver catalase can be determined from the “Kat. f.” measured at 0° 
under standard conditions. Some uncertainty exists concerning the ac- 
tivity of crystalline beef liver catalase, but since Sumner and his associates 
(23) were unable to demonstrate a Kat. f. greater than 40,000, it seems 
permissible to accept this figure. To calculate ko from Kat. f. it is neces- 

2 “Kat. f.’’ = K/(gm. of enzyme per ml.), where K is the monomolecular velocity 
constant for the breakdown of H.O, calculated with log;. and minutes 
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sary to change from logis to log,, from minutes to seconds, and from gm. 
of catalase per ml. to moles of catalase per liter. 
40,000 X 2.3 
== = 3.4 X 10° liter mole sec. 
1000 
60 xX — 
225,000 


0 


where 225,000 is the molecular weight of catalase (20). From the above 
it is clear that 1 molecule of catalase will catalyze the breakdown of 3.4 X 
10° molecules of H,O2 per second. This figure is to be compared with the 
estimate of ko of Stern (18) of 105, and of Haldane* (6) of 5.4 10‘ liter 
mole sec.—'. Substitution of the calculated value of ko in the equation 
leads to a value of AS of 


3.4 X 108 = 5.7 X 10% X e~mmAXm1 x @8/2 


AS = —23 calories per degree per mole 


The negative sign indicates a decrease in entropy or a decrease in ran- 
domness during the catalysis; this might be conceived of as related to the 
high degree of orientation between the catalase and H,O2, which may be 
required in the formation of the enzyme-substrate compound. 


TABLE I 
Velocity Constant, Activation Energy, and Entropy of Activation for Enzyme-Catalyzed 
Reaction and for Heat Inactivation of Enzyme 


Reaction ho | “ AS 
l. mole sec | calories calories 
Action of catalase on peroxide 3.4 x 105 4, 200 —23 
Inactivation of catalase below 62 6.8 X 10°" 55,000 +90 


above 62 2.4X iv 255 , 000 +690 


In a similar manner the entropy of activation for the heat inactivation of 
catalase may be calculated for the two different types of inactivation 
encountered above and below 62° (cf. Fig. 4). For both types the mono- 
molecular velocity constant at 62° is 0.215 (cf. Fig. 3), which, when con- 
verted to log, and seconds, becomes 8.25 X 10-*. If this value is substi- 
tuted in the Arrhenius equation, it is found that ko = 6.8 K 10-™ for heat 
inactivation below 62° and 2.4 XX 10-* for heat inactivation above 62°. 
If these values are used in the equation for AS, it is found that the cor- 
responding values of AS are +90 and +690 calories per degree per mole 
(see Table I). Such high values for the entropy of activation associated 


* The latter figure was calculated from Zeile’s data and was based on the assump- 
tion that all the Fe present in the crude enzyme preparation was in the catalase 
molecule, and that each catalase molecule contains 1 Fe atom instead of 4. 
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with heat inactivation of enzymes commonly characterize the heat de- 
naturation of proteins (16) and suggest a similar mechanism for the action 
of heat in the two phenomena. 

From the data available from this study of temperature activation of 
the catalase-H,O, system, it is possible to calculate the rate of the reaction, 
assuming that H,O,. decomposition results from activated collisions be- 
tween catalase and H,O, molecules, by use of the methods of Haldane (6) 
and Moelwyn-Hughes (9-11). This calculated rate may then be com- 
pared with the experimental rate if for the calculated rate the modified 
Arrhenius equation is used, 


k= Ze#/RT 


where Z is the number of collisions and e“’“’ is the probability that a 
particular collision will have the necessary energy for reaction to occur. 

In the first method of calculating the collision frequency, Z, the large 
catalase molecule is assumed to be a wall against which the H.O. molecules 
collide. Use is made of the expression 


3 
Z= 3 Un Nowe? 
o 


where Z is the number of collisions per second per ml., @ is the velocity 
(em. per second) of the H2O, molecule, ninz the numbers of H,O: and cata- 


lase molecules, respectively, per ml., and o is the diameter of the catalase 
molecule. 


= 3RT _ 3 X 8.315 X 10° X 273.1 _ 44 yx 101 om. per sec. 
V Muo: 34.01 


nm, = 10% X 6.02 X 10% = 6 X 10" per ml. 


~— 
= 


mg = 1.72 X 10! per ml. (calculated from Kat. f = 40,000) 


} > am 
¢ = VV o . 8.03 X 1077 em.,‘ v, the volume of 1 catalase molecule = 
T 
225,000/dN, where 225,000 is the molecular weight, N is 
Avogadro’s number, and d, the density of catalase, is 1.37 (22) 


Substituting these values in the foregoing equation leads to a value of Z 
of 2.1 X 10* collisions per ml. per second. Since only e “’”’ of these are 
activated collisions, the number of activated collisions per ml. per second 
= 2.1 xX 10° X 4.7 K 10~* = 9.9 XK 10”. 


‘ This calculation of ¢ assumes the catalase molecule to be spherical, but its shape 
is not known. One may also calculate « from the empirical equation of Moelwyn- 
Hughes, which has been found to be generally applicable. o = 1.33 K 10° X Vy 
where V,, is the molecular volume in ml. per mole. Use of this equation leads to a 
value of 8.1 X 107 em. for ¢ of catalase, which is the same as that obtained by the 
method used above. 


e 
= | 


= | 


cr ee 
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The experimental value for the number of peroxide molecules destroyed 
per ml. per second is obtained by multiplying the experimental mono- 
molecular velocity constant (which gives the fraction destroyed each 
second) by the number of peroxide molecules per ml. 

kicg, SeC.-? = 0.03838 X Kiog:9 min.~! 


0.03838 & 0.0316 (ef.(21)) 


ll 


1.21 X 10° 
H:O0, molecules destroyed per ml. per sec. = 1.21 X 10° X 10° X 6.02 X 10% 


= 7.3 X 10% 
Activated collisions 9.9 < 10! 
ee oe 1X IO 
Molecules destroyed 7.3 X 10% 


From this calculation it appears that only 1 in 14,000 activated collisions 
between catalase and H,O, actually results in the decomposition of the 
peroxide. 

Another method of calculating the rate is to make use of the gas col- 
lision formula in which Z, the total number of collisions between enzyme 
and substrate per ml. per second, is 


} 
+ «\? 1 1 
Ss he (© : =) (seer Gi + x) 


where n! = number of molecules of H.O, per ml. = 6.02 « 10** 
ny = ? ‘* catalase molecules “ “ = 1.72 X 10!* 
o, = diameter of peroxide molecule = 6 X 10° em. (15) 
o. = “« “* catalase “ =i S ey SS 
R = 8.315 X 10’ ergs per degree 
T = 273.1°, absolute 
M, = molecular weight of peroxide = 34.02 gm. 
M; = ‘ ‘* © eatalase = 225,000 gm. 


Z = 2.5 X 10 collisions per ml. per second. The fraction of these with 
energy greater than 4200 calories is 4.7 X 10~‘; therefore the number of 
activated collisions = 1.16 X 10” per ml. per second. 

The experimental rate of the reaction expressed in the same units is 7.3 
x 10% per ml. per second (see above) or 1.6 & 10‘ times slower than the 
theoretical rate. A comparison of the values of the experimental rate 
obtained by considering the catalase a stationary wall against which the 
small substrate molecules collide and by the method of considering random 
collisions between moving enzyme and substrate molecules indicates that 
essentially the same values are obtained for the theoretical rate by both 
methods. 


* See the calculations above. 
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DISCUSSION 

The activation energy of 4200 calories for the enzyme-catalyzed reaction 
agrees well with the value obtained by Nosaka (13) and is of the same order 
of magnitude as the several values reported by Williams (24) for different 
temperatures. Except for tyrosinase (5) this value is the smallest activa- 
tion energy reported (cf. (16)) and there is the possibility that diffusion 
(characterized by a low activation energy) might be the limiting factor in 
the catalase-peroxide reaction. Moelwyn-Hughes (10), however, con- 
siders this possibility unlikely in the light of other properties of the catalase 
system. 

The high value of 55,000 calories for heat inactivation of catalase is 
similar to the values reported previously (12, 14) and, together with the 
value of 255,000 calories, is in the range of values which characterize heat 
inactivation of enzymes and heat denaturation of proteins (cf. 16)). The 
high positive values of AS of +90 and +690 associated with the heat in- 
activation of catalase are similar to those obtained for other enzymes and 
proteins (cf. (16)) and lend support to the concept that heat inactivation of 
catalase corresponds to the heat denaturation of the catalase molecule. 
These high values suggest that in the activated complex new degrees of 
freedom become active and present the possibility that enzyme inactiva- 
tion (denaturation) is essentially a dissociation process. 

The value of —23 calories per degree per mole for the entropy of activation 
of the enzyme-catalyzed reaction is interpreted as indicating a loss in ran- 
domness when the catalase combines with peroxide to form an intermediary 
compound and accounts for the fact that the measured rate is slower than 
one would expect from merely considering the activation energy. This 
value is much lower than the average value of —59 calories for AS cal- 
culated by Stearn (17) from data in the older literature, and is similar to 
the values recently reported by Butler (2) for certain crystalline proteases. 
As Butler points out, these small negative values for AS are reasonably 
close to the range usually taken as representing normal chemical reactions. 

[If one, instead of using the viewpoint of statistical mechanics, adopts the 
collision hypothesis, it is clear from the calculations that the experimental 
rate is 1.6 X 10‘ times slower than the theoretical rate. In these cal- 
culations it is assumed that every activated collision between enzyme and 
substrate will result in reaction, but it seems likely that all parts of the 
enzyme surface are not catalytically active. Moelwyn-Hughes (11) lets 
the probability that a substrate molecule hits the enzyme on an active 
spot be 
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where the numerator represents the area swept out by a spherical substrate 
molecule and the denominator is the relevant surface of theenzyme. When 
the radii of catalase and of H.O, are substituted in this formula, the prob- 
ability becomes 4.2 X 10-*. Since it is quite clear that the 4 Fe atoms in 
catalase are intimately concerned with the catalytic action of catalase 
(18), the Fe might be considered the ‘‘active spot.’ In this case the 
probability that the collision between enzyme and substrate will involve an 
active spot might be given by the ratio of the volume of the Fe atoms in the 
catalase to the volume of the whole catalase molecule. This ratio is 5.2 
x 10-°, and is of the same order of magnitude as the probability obtained 
by Moelwyn-Hughes’ method. When the theoretical rate calculated from 
the collision theory is multiplied by the probability that an activating 
collision will involve a catalytically active spot (composed of Fe?) on the 
vatalase, the theoretical rate is only about 60 times greater than the experi- 
mental rate. Since about 29 per cent of all collisions may involve an 
active spot which is already occupied by a peroxide molecule (6), this differ- 
ence is further reduced by this correction to a factor of about 37. 

It is instructive to compare the rate at which catalase acts on H,O, with 
the rate of other reactions involving heme proteins. Chance (3) reported 
an over-all rate for the peroxidase-H,O.-leucomalachite green system of 
3.0 X< 105 liter mole sec.—', which is almost identical with the value of 
3.4 X 10° liter mole! sec.-' found for the catalase-H,O, system. From 
calculations by Haldane’s method (6) (in which the Michaelis constant of 
0.025 m is used) the minimum rate at which catalase combines with H,O, 
is 4.75 X 10’ liter mole ~' sec. ~'. This compares closely with the rate of 
union of peroxidase with HO, of 1 X 107 liter mole sec.— (3) and of mus- 
cle hemoglobin with oxygen of 1.9 X 10’ liter mole sec.-' (8). Such 
results indicate a general similarity in the mechanism of reaction between 
heme proteins and small molecules. 

It is a pleasure to acknowledge the assistance of Dr. Herbert Jaffe, who 
prepared the catalase, and Mr. Andrew Peacock, who performed part of the 
manometric experiments. 


SUMMARY 


The effects of temperature upon the crystalline catalase-H,O,. system 
have been studied over the temperature range from 2-68°. Below the 
optimum temperature of about 53° the rate of the enzyme-catalyzed reac- 
tion increases with temperature, in accordance with the Arrhenius equa- 
tion; the activation energy is 4200 calories per mole; the entropy of activa- 
tion is —23 calories per degree per mole. 

Above the optimum temperature the enzyme-catalyzed reaction appears 
to decrease in rate with temperature, owing to the sharp increase in rate of 
enzyme inactivation with temperature. Catalase inactivation as a func- 
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tion of temperature between 57-68° has also been studied in the absence of 
substrate. By either method the activation energy for the heat inactiva- 
tion of catalase below 62° is found to be 55,000 calories, and the entropy of 
activation is +90 calories. Between 62-68° the corresponding values are 
255,000 and +690 calories for the energy and entropy of activation, re- 
spectively, of heat inactivation of catalase. Similarities are pointed out 
between heat inactivation of catalase and heat denaturation of proteins. 

Theoretical rates of the enzyme-catalyzed reaction calculated on the 
assumption that catalase is a wall against which peroxide molecules collide, 
or calculated on the assumption that the collision theory applies, are about 
10‘ greater than the experimental rate. Assumptions that activating 
collisions are effective only if they involve the active spot (Fe?) on the 
enzyme suggest that only 1 in 14,000 collisions is so oriented as to involve 
the active spot on the enzyme. Differences between theoretical and ex- 
perimental values for the rate of the reaction could be largely accounted 
for if it is assumed that reaction results only from a properly oriented, 
activated collision. That a high degree of orientation is required for 
reaction is similarly indicated by the high negative value for the entropy of 
activation. 

Similarities are pointed out between the kinetics of heme proteins such 
as catalase, peroxidase, and muscle hemoglobin. 
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In 1942 Wiesner (1) and Waksman, Horning, and Spencer (2) demon- 
strated that filtrates from cultures of Aspergillus clavatus grown upon syn- 
thetic media possess antibiotic activity. These investigators extracted 
and partially purified the active material (which was named clavacin by 
Waksman) but did not report its isolation in pure form. As a result of the 
observations made by Waksman’s group, particularly those on the anti- 
biotic activity toward Gram-negative organisms, we became interested in 
this antibiotic substance and undertook the investigations of it as part of 
our work under Contract OE Memr-155. 

In the latter part of last year, Raistrick et al. (3) published a report on 
the isolation and characterization of patulin, an antibiotic substance pro- 
duced by Penicillium patulum Bainier and, furthermore, showed that the 
same compound is produced by P. expansum (4). Subsequent to Rais- 
trick’s first report, Bergel et al. (5) and Hooper et al. (6) announced the 
isolation of a crystalline compound from Aspergillus clavatus which on the 
basis of the data submitted appears to be identical with patulin. Further- 
more, Florey, Jennings, and Philpot (7) showed that the same compound is 
produced by A. giganteus Wehm, and Bergel et al. (5) and Chain, Florey, 
and Jennings (8) showed that the compound, claviformin, which the latter 
had previously isolated from P. claviforme in 1942 (9) is likewise identical 
with patulin. Although we had isolated a crystalline antibiotic from A. 
clavatus and prepared the semicarbazone, thiosemicarbazone, 2 ,4-dinitro- 
phenylhydrazone, and oxime derivatives and a catalytic reduction product 


* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and St. Louis University. 
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before the appearance of Raistrick’s paper on patulin (3), it is obvious that 
the portion of this paper dealing with the characterization of the com- 
pound’ can only be regarded as a confirmation of the earlier reports and 
for that reason is given in an abbreviated form. The other sections of this 
paper deal with the method of production, isolation of crystalline clavacin, 
ultraviolet absorption behavior, and studies on toxicity, all of which were 
conducted independently in this laboratory. 

Progress of our work was impeded by the formation of a highly insoluble 
product differing in composition from crystalline clavacin during the proc- 
ess of recrystallization. Our analytical figures on the first crystalline 
product seemed to indicate the formula C,H,Q; for clavacin but the analysis 
of the derivatives agreed much better with the formula C7H;Q,. The 
determination of molecular weight was difficult on account of the insolubil- 
ity of clavacin in reagents commonly used in this laboratory in the Rast 
procedure, but when finally accomplished with tribromophenol as solvent 
gave a result which indicated the correct value to be C;H¢Q,, the formula 
ascribed to patulin by Raistrick et al. (3). 


Method of Production of Clavacin 


In the production of clavacin by suitable cultures of Aspergillus clavatus* 
Wiesner (1) employed the Czapek-Dox medium, whereas Waksman (2) 
found the glucose-nitrate medium as modified by Clutterbuck et al. (10) 
to be satisfactory. It contains NaNO; 3.0, KH:,PO, 1.0, KCl 0.5, 
MgS0,-7H,0 0.01, and glucose (c.p.) 40 gm. in 1 liter of tap water. We 
have found that the addition of 10 gm. of Difco yeast extract or 2 ml. of 
corn steep liquor* per liter to the glucose-nitrate medium improved the 
yield of active substance. Under the conditions of our experiments the 
corn steep liquor was more effective than the yeast extract and accord- 
ingly we have routinely incorporated the former in the culture medium. 

The reaction of the sterilized medium varied between pH 4.0 and 4.5. 
Glass baking dishes (12 X 7.5 X 2 inches) equipped with glass covers were 
used as culture vessels. About 600 ml. of sterile medium were added to 
each dish. 

The character of the inoculum (Aspergillus clavatus) seemed to be one of 


! However, before discontinuing our work on the structure of clavacin, we con- 
sidered it important to ascertain that our product is indeed identical with patulin. 
Consequently, we prepared the phenylhydrazone and acetate, the iodo acid, CsH,O,l, 
and in addition repeated the hydrolysis of clavacin with sodium hydroxide and sul- 
furic acid. In each instance, our data agreed with the data reported by Raistrick, 
which together with the data already obtained by us leave no doubt about the iden- 
tity of our product and patulin. 

? We are indebted to Dr. 8. A. Waksman for a stock strain of this mold. 

* We are indebted to Anheuser-Busch, Inc., for a supply of this material. 
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the most critical factors in the development of an active culture fluid. It 
has been our experience on several occasions that a stock culture routinely 
propagated in the laboratory may lose much of its previously manifested 
ability to produce the antibiotic substance. Substrains originating from 
colonies which demonstrated maximal zones of inhibition on plates seeded 
with Escherichia coli or Staphylococcus aureus were found to be superior to 
the original strain in the production of clavacin. Consequently, such 
artificially selected substrains were employed in routine production. 

The inoculum consisted of a finely divided suspension of a 7 day culture 
mat obviously containing sporulating as well as vegetative elements of the 
plant. In preliminary experiments it was found that greater yields were 
obtained when the inoculum contained these vegetative elements. Tray 
cultures prepared in the manner described were incubated at 23-25° for 
periods varying from 5 to 11 days and the cultures harvested when maximal 
potency as determined by assay had developed. 


Assay of Clavacin Samples 


The method used in testing for potency consisted of the determination 
of the smallest amount of the antibiotic substance which would inhibit the 
multiplication of a 1: 1000 dilution of a 24 hour nutrient broth culture of 
Escherichia coli added to an equal volume of a culture medium containing 
1 per cent peptone and 0.5 per cent sodium chloride. Suitable serial dilu- 
tions of the dissolved sample were incorporated in standard portions of the 
medium and in turn inoculated with the diluted culture of Escherichia coli. 
These tubes, including suitable controls, were incubated at 37° for 18 
hours, and then inspected for visual evidence of bacterial growth. Potency 
of the sample was recorded as the highest dilution of the substance which 
prevented growth under these conditions. Accordingly, our unit may be 
defined as the minimal amount of material necessary to inhibit growth 
completely in 1 ml. of the assay medium. Check assays with a standard 
clavacin preparation carried out each day gave surprisingly consistent 
results. 


Method of Preparation 


The culture medium was placed in the cold room as soon as it was har- 
vested because at 5° the activity is retained for at least 2 weeks. The 
chilled fluid, after filtration to remove suspended material, was poured 
on a column of norit which readily adsorbed the active principle (1, 2). 
The pH of the medium usually varied between 5.5 and 6.0, which was 
found to be satisfactory for the adsorption. The adsorbent used, norit A, 
20 to 50 mesh, which had been washed with dilute HCl and H;O and dried, 
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was coarse enough to permit rapid percolation. The harvested medium 
was run through the column as long as activity was removed and that 
portion of the filtrate which retained active material was then passed 
through a second column, thus avoiding any loss. The presence of activity 
in the filtrate was always preceded by the appearance of color. From 3 to 
10 million units were adsorbed per kilo of norit, depending upon the po- 
tency of the medium, the capacity being greater for media of higher potency. 
The column was then flushed out with distilled water, drained as dry as 
possible by suction, and the norit spread on filter paper to dry at room 
temperature. 

It was found that acetone and chloroform were best suited for eluting 
the active principle from the dry norit, while ethy!] ether and ethanol were 
relatively ineffective. Extraction in an apparatus of the Soxhlet type was 
necessary, since even repeated extraction with cold solvent did not give 
complete recovery. After 10 to 20 hours of extraction usually more than 
90 per cent of the activity had been eluted, although in a few instances 
recoveries as low as 60 per cent were encountered. Although extraction 
was generally more effective with acetone than with chloroform, particu- 
larly for the batches of norit from medium having a low potency, acetone 
removed much larger quantities of inert material, necessitating considerable 
purification before the crystalline material could be obtained. 

Chloroform was satisfactory for extracting the active material from the 
norit used for media having a high potency. In such cases it was only 
necessary to concentrate the extract in order to obtain the crystalline 
compound. 

Purification 

The solution which was obtained by extraction of the norit with acetone 
was concentrated under reduced pressure to a thick oil which was then dis- 
solved in the minimal volume of warm ethanol. This solution, upon the 
addition of 5 to 10 volumes of acetone and chilling in a bath of dry ice in 
cellosolve, vielded a copious precipitate which was inert. The supernatant 
solution was evaporated and the treatment was repeated with a larger 
proportion of acetone to alcohol. This process was repeated until precip- 
itation no longer resulted and then the solution was concentrated to a small 
volume and 5 to 10 volumes of ethyl ether were added. The red oil which 
precipitated on chilling this mixture was relatively inactive. Additional 
amounts of the red oil were obtained by evaporating the supernatant solu- 
tion and repeating the procedure with larger volumes of ether. The ether 
and acetone were finally evaporated under reduced pressure to assure the 
complete removal of the solvents, and the residue was taken up in warm dry 
chloroform. Any insoluble material was leached several times with small 


volumes of warm chloroform. 
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The chloroform solution was then fractionated by means of a permutit 
column. From 0.5 to7 gm. of crude material in 10 to 50 ml. of chloroform 
was used for columns of permutit ranging in size from 3 X 10 inches to 
1 X 20inches. The active principle could often be obtained by washing the 
column with chloroform but in some instances the addition of 0.25 to 0.5 
per cent by volume of ethanol to the chloroform was required. The recov- 
ery Was in most instances quantitative (see Table I). The potency of the 
less active fractions was substantially increased by a repetition of this pro- 
cedure. The active principle was readily crystallized from the more active 
fractions by concentrating the solvent and allowing the concentrate to 
stand in the cold room. 

Invariably on repeated recrystallization of these products from ether, 
benzene, chloroform, alcohol, or acetone the crystalline material eventually 
changed into an amorphous product which was insoluble in all of the above 
solvents as well as in water and glacial acetic acid. It was soluble in 
aqueous alkaline solution with immediate formation of a red color. 

Properties of Clavacin 

Clavacin crystallizes readily from chloroform, ether, or benzene to form 
colorless prisms melting at 109—110° (uncorrected) and is active in a dilution 
of 1:200,000 to 1:240,000 by the assay procedure which has been described 
previously. Analysis, C 54.58, H 4.28 per cent; theory for C7HsQ,, C 
54.54, H 3.90 per cent. Molecular weight by the Rast procedure, with 
tribromophenol as solvent, 169; theory for C7HsQ,, 154. Analysis of the 
insoluble product (see the preceding paragraph) obtained from one of our 
best preparations gave C 51.72 and H 4.54 per cent. 

Clavacin gives the same distribution coefficient between ether and H,O 
as that reported by Raistrick (3) for patulin and is readily extracted from 
aqueous solution with butanol. It is not steam-volatile but sublimes at 
70° under a high vacuum. 

The ultraviolet absorption spectrum‘ of clavacin has a single maximum 
at \ 2760 A and the curve is the same for alcoholic and aqueous solutions. 
The E}%, values for most preparations which have been recrystallized 
sufficiently to raise the melting point to 108-110° fall between 900 and 950. 
However, upon additional recrystallizations this value usually drops below 
900 and at the same time the biological activity diminishes. Active frac- 
tions having an E}%, greater than 1400 may be obtained from permutit 
columns, but on repeated recrystallization the absorption decreases, as 
indicated above. There is no apparent loss of antibiotic activity, however, 
until the extinction coefficient falls below 900. In reerystallization it has 

* A Beckman quartz spectrophotometer, manufactured by the National Technical 


Laboratories, South Pasadena, California, was used in this work. 
. 
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been found in some instances that the extinction of the material in the 
mother liquor progressively increases, while that of the crystals decreases. 
Perhaps these changes are in some way related to the insoluble product 
which is formed when clavacin is repeatedly recrystallized, or perhaps the 
antibiotic substance produced by the mold is a labile compound having a 


TaBLe I 
1% ” ca . " ’ 
Antibiotic and E; Gm, Values of Successive Fractions Removed by CHCI1; from 
Column ef Permutit 


6.75 gm. of crude clavacin containing 600,000 units adsorbed on } X 16 inch column 


Units i 
Fraction No : Volume Solids he 
c 1 cm. 
Total Per mg 
mm gm 
l 35 1.5 20 , 000 13 318 
2 35 0.7 38 ,000 54 460 
3 200 1.8 355,000 198 860 
4 200 0.56 135,000 240 1450 
5 150 0.13 27 ,000 208 1480 
6 150 0.07 10,000 143 1040 
Total 4.76 585,000 
TaB_e II 


Influence of Semicarbazone Formation on Biological Activity and Ultraviolet 
Absorption of Clavacin 
200 mg. of clavacin dissolved in 10 ml. of H.O; 0.75 gm. of Na acetate and 0.5 
gm. of semicarbazide HCl added 


bere Treatment Bioassay cm 
at 27600 A 
unils per mg. 
0 None 240 916 
5 min. Room temperature 160 796 
Rs Heated on water bath (red coloration 40 338 
| nh 6 ¢ oe 6 s 257 


26 hrs. Room temperature 8 108 


greater extinction coefficient which passes into a more stable form during 
the process of purification. 

Because of the tremendous advantages offered by spectroscopic analysis 
in regard to accuracy, speed, and specificity, we have used this procedure 
in our work on this and other problems of a related character. In spite 
of the irregular behavior of clavacin, ultraviolet absorption has been helpful 
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in following the fractionation of the active material. This is illustrated 
in Table I which presents the data obtained from an experiment in which 
clavacin adsorbed on a permutit column was removed by washing with 
chloroform. This is also illustrated by the preparation of the semicar- 
bazone (Table II) in which the absorption began to decrease immediately 
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Fig. 1 Fig. 2 
Fic. 1. Absorption spectra. Curve 1, clavacin, peak at 2760 A, tt 982, 
solvent 0.005 N aleoholic HCl. Curve 2, clavacin, peak at 2760 A, Biv 944, solvent 
% 546, solvent alcohol. 


Curve 4, clavacin, peak at 2940 A, E\% 876, solvent 0.005 n alcoholic NaOH. 


alcohol. Curve 3, tetrahydro clavacin, peak at 2660 A, E! 


Fic. 2. Absorption spectra. Curve 1, clavacin oxime, peak at 2830 A, E\% 
1020, solvent aleohol. Curve 2, amorphous insoluble product from clavacin, peak at 
2800 A, E'% 780, solvent 0.05 N aqueous NaOH. Curve 3, clavacin, peak at 2760 


“lem. 
W% 44 eniwent ale ‘nEwe lewaat . 2760 | 1% 
A, E; ¢, 944, solvent alcohol. Curve 4, clavacin acetate, peak at 2760 A, Eien. 
= ‘ = . . ‘ 41 

746, solvent alcohol. Curve 5, clavacin semicarbazone, peak at 3120 A, Et? 


837, solvent alcohol. 


after the addition of the semicarbazide hydrochloride and sodium acetate 
to an aqueous solution of clavacin. The decreased absorption was paral- 
leled by a diminished antibacterial activity. 

Figs. 1 and 2 show the ultraviolet absorption of clavacin under different 
conditions and that of some of its derivatives. The spectrum of an alco- 
holic solution of clavacin containing 10 y per ml. remains unchanged after 
the solution has stood at room temperature in daylight for 3 months, while 
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that of an a yueous solution of similar strength indicates that the com- 
pound has been almost completely destroved. 

Alkaline solutions of clavacin are highly colored. This color develops 
instantly upon the addition of alkali and disappears almost completely 
upon acidification. There is a shift of the maximum from A 2760 A to 
\ 2940 A and an accompanying diminution of about 10 per cent in the 
extinction coefficient. 

Che mist) Ly of ¢ lavacin 
In this section we have recorded our chemical findings upon clavacin 


which confirm the reports of Bergel ef al. (5) and Hooper et al. (6) that 


TaB_Le III 


A nalyses of De rivatives of ( Vavacti n 


Analysis, per cent 


M. p 





Derivative uncortected Found Calculated 
Formula | 
( H N | C | H N 
a | 
Semicarbazone* Decomposed /|45.27|) 4.22}19.40) CsHnO Ns 145.50) 4.27/19.71 
Oximet 155-156 49.66) 4.03) 8.07/ C;H;O.N 149.70) 4.14) 8.28 
Phenylhydrazonet 146 63.47) 4.81/11.00) C,;H»OsN, 163.93) 4.94)11.49 
Dinitrophenyl- | 
hydrazonet Decomposed /|46.46) 3.41/16.51) CisHioO7N, |46.70) 2.99)16.76 
Acetatet 115 55.03) 4.25 C,H,0; 155.18) 4.08 


* Previously reported by Hooper et al. (6). 
t Previously reported by Bergel et al. (5 
t Previously reported by Raistrick (3), Bergel (5), and Hooper (6) and their 


associates. 


clavacin is identical with patulin which Raistrick et al. (3) have identified 
as anhydro-3-hydroxymethylene-y-pyrone-2-carboxylic acid. The melting 
points and analyses of the derivatives of clavacin listed in Table III confirm 
the observations that similar derivatives of clavacin and of patulin are 
identical. Of these derivatives it was found that the acetate changes into 
an insoluble form upon repeated recrystallization. 

In agreement with the formation of a monoacetate, the determination of 
hydroxyl groups by the method of Peterson and West (11) indicates that 
one hydroxyl group is present per mole of clavacin. Treatment of clavacin 
with 20 per cent nitric acid yields oxalic acid; with sodium hydroxide and 
iodine iodoform is produced, a reaction known to be given by pyrones. 

Oxidation with ammoniacal silver oxide, hydrolysis with sulfuric acid 
or sodium hydroxide, and the reaction with hydriodic acid show that the 
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behavior of clavacin is the same as that found for patulin by Raistrick 
et al. (3). The iodo acid obtained by refluxing clavacin with concentrated 
hydriodic acid has a melting point of 93-94° (uncorrected) and analysis 
gave C 28.41, H 3.85 per cent. The calculated values for the y-keto-e- 
iodo-n-hexanoic acid obtained from patulin by Raistrick are C 28.15, 
H 3.54 per cent. 

In aqueous solution, each molecule of clavacin adds 2 molecules of hydro- 
gen in the presence of Adams’ platinum oxide catalyst. The green color 
which develops at first disappears during the course of the hydrogenation, 
which is complete in 3 hours. The colorless hydrogenated product, after 
high vacuum sublimation, crystallizes from ether in white needles which 
melt at 111.5-112° (uncorrected) and gives C 53.37, H 6.0. The calculated 
values for C7H,00, are C 53.16, H 6.32. 

Although Raistrick (3) found that catalytic hydrogenation of patulin in 
ethanol with the Adams platinum oxide catalyst caused the uptake of 2 
molecules per molecule of patulin, our experience has been that 3.1 mole- 
cules of hydrogen are taken up per molecule of clavacin under these con- 
ditions. The same color changes are observed as are found in the hydro- 
genation in aqueous solution and the product obtained is a colorless oil. 
We were unable to crystallize or to prepare derivatives of it. Quantitative 
acetylation (11) indicated that no hydroxyl groups are present. 


Mode of Action of Clavacin 


The studies which we have made pertaining to the mode of action of this 
antibiotic appear to conform with the findings of other investigators. 
Crystalline clavacin is active against Gram-positive and Gram-negative 
bacteria, as has been reported by Waksman et al. (2) for less highly purified 
clavacin, by Chain, Florey, and Jennings (9) for claviformin, and by Rais- 
trick et al. (3) for patulin. Clavacin exhibits bactericidal or bacteriostatic 
effects, depending upon the concentration. The crystalline material 
possesses considerable activity against the species of the fungi tmperfecti 
tested, namely, Rhizopus nigricans, two strains of Monilia albicans, two 
strains of Saccharomyces cerevisiae, and Sporotrichium schenkii. In this 
connection, we found that clavacin is not autoinhibiting; that is, it does not 
interfere with the growth of Aspergillus clavatus when present in a concen- 
tration of 1 mg. per ml. of culture fluid. Limited antifungal activity (spe- 
cies not stated) was reported by Waksman et al. (2) for clavacin, while An- 
slow et al. (4) found that patulin exerted a powerful inhibitory effect on the 
growth of several species of Pythium including Pythium debaryanum. 

Our experiments indicate that the activity of clavacin is not diminished 
by fresh human, horse, guinea pig, rat, and sheep sera when these are 
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present in the culture medium in a concentration of 10 percent. Likewise 
it is not inhibited by stored samples of beef and hog sera. On the other 
hand, it is completely (>90 per cent) inhibited by fresh rabbit serum. 
This inhibitory action is destroyed by heating the serum to 56° for 30 
minutes or by standing in the refrigerator for several days. Raistrick 
et al. (3) found that patulin is not affected by human serum, while Chain 
et al. (9) state that such treatment (type of serum not stated) partially 
inactivates claviformin. Perhaps the explanation of this discrepancy 
lies in the nature of the sera used. 
Toxicity of Clavacin 

Although Waksman (2), Raistrick (3), and Chain (9) have observed the 
toxic nature of this antibiotic substance, we have attempted to obtain a 
more complete picture of its effects in the animal body. From the study 
of a group of over 100 mice, weighing 20 to 25 gm., it was determined that 
0.2 mg. of clavacin given subcutaneously causes the death of approximately 
50 per cent of the animals. For a smaller series of rats weighing about 200 
gm., this effect was produced by approximately 5.0 mg. Paramecia and 
tropical fish (guppies) are killed in dilutions of 1: 1,000,000 and 1: 100,000, 
respectively. Clavacin acetate in benne oil injected subcutaneously into 
mice is about one-half as toxic as clavacin under the same conditions. 

In mice clavacin is most toxic (about 0.10 mg.) when given intraperi- 
toneally, and least toxic (about 0.75 mg.) when given orally. The injec- 
tion of 0.5 to 0.7 mg. of clavacin by way of the tail vein was not lethal. 
The rate of absorption of clavacin is very rapid, as both rats and mice 
manifest profound effects within 5 minutes following the subcutaneous 
injection of an aqueous solution and mice show signs of sickness in 10 or 
15 minutes after the material is administered in oil. 

The general reactions to clavacin are about the same in both mice and 
rats, but may be observed more easily in the latter. Within 5 minutes 
after the injection of 5 mg. rats become restless and show increased activity, 
the breathing is heavy and labored, and fluid runs from the eyes and nose, 
causing a repeated washing reflex and shaking of the head. As time passes 
they become less active but continue to be restless, changing position fre- 
quently, and showing obvious signs of discomfort. 

Edema of the subcutaneous tissues over the thorax is quite pronounced 
and at times extends to most of the subcutaneous tissues. In the rat, 
treated with the larger doses, fluid is found in the abdominai and thoracic 
cavities and edema of the lungs is so pronounced that at death they no 
longer float in 10 per cent formalin. Histological sections show consider- 
able edema, congestion of the capillaries, and infiltration by leucocytes. 
In one extreme case the slide scarcely resembled lung tissues, the alveoli 
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being filled with fluid and many leucocytes, but there was only a slight 
degree of hemorrhage. 

At death the lungs and intestine frequently are deep red, the hyperemia 
apparently being caused partly by the concentration of the blood due to the 
edema and partly by the dilatation of the capillaries. While hemorrhage 
in liver and intestine is not observed and color changes in the liver are less 
apparent, nevertheless under the microscope the capillaries show consider- 
able congestion. The edema and hyperemia induced by the administra- 
tion of clavacin agree with the observations made by Raistrick et al. (3) 
following the injection of patulin. 

In rats treated with clavacin there is a marked suppression of urine for- 
mation. Nine rats weighing about 200 gm. given subcutaneous injections 
of 5.0 mg. of clavacin voided little or no urine over periods up to about 15 
hours. During this time the administration of 25 ml. of normal saline by 
stomach tube and intraperitoneal injection enhanced the edema but did not 
promote the production of urine to any appreciable extent. Control 
animals treated in the same way showed a marked increase in urinary ex- 
cretion. After 24 hours the animals treated with clavacin and saline had 
voided only small quantities of urine, while the controls had excreted most 
of the fluid administered. Sections of the kidney revealed only slight con- 
gestion of the capillaries, evident but not extensive degeneration of the 
tubules, and slight hemorrhage. 

Following the injections, necrosis usually develops at the site of injection, 
degenerative changes becoming apparent within 24 hours. In mice, thick- 
ening and hardening of the skin appear in 2 to 4 days, followed by open 
lesions in 4 to 6 days after the injection. When intravenous injections are 
made in mice by way of the tail, some fluid is usually lost into the sub- 
cutaneous tissues. Edema and damage to the tail are apparent within 24 
hours and the distal portion usually drops off in a few days. 

The intravenous injection of 25 mg. of clavacin into 7 kilo male dogs 
‘aused a transitory stopping of the heart, immediately followed by resump- 
tion at a markedly subnormal rate and then a gradual increase in heart 
rate and carotid blood pressure to a value above normal, simulating a 
typical vagal effect. Changes in respiration indicated a transient de- 
pression of the respiratory center. The gradual but continual decline in 
carotid pressure following the initial changes and the progressive increase 
in heart and respiratory rate together with the findings at autopsy indicated 
that fluid was slowly but continually being lost from the circulatory system. 

In a similar experiment the injection of 10 mg. of clavacin did not cause 
a change in the carotid blood pressure within a period of 4 hours. In our 
experiments with dogs we did not observe the initial rise in blood pressure 
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which was found by Chain, Florey, and Jennings (9) when patulin was in- 
jected intravenously into a cat anesthetized with chloralose. 


SUMMARY 


Methods for the production, preparation, and purification of clavacin, 
an antibiotic substance produced by Aspergillus clavatus, are described. 

Analytical data and the chemical and physical properties of the pure 
crystalline material and some of its derivatives are presented. These find- 
ings confirm the identity of clavacin and patulin. 

Clavacin is active against Gram-negative and Gram-positive bacteria and 
fungi. It is inhibited by fresh rabbit serum but not by the sera of the 
other species tested. 

A preliminary toxicological study of this antibiotic substance has been 
made. In our hands it appears that this substance is highly toxic in the 


animal organisms. 
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REGENERATION OF HEAT-INACTIVATED PEROXIDASE* 
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One of the old criteria of the presence of an enzyme is its lability toward 
heat. It must not be forgotten, however, that some enzymes found to be 
inactive after being heated to temperatures approaching 100° later recover 
an appreciable portion of their original activity on standing at a lower 
temperature. 

The reappearance of potential activity after heating has been studied on 
pepsinogen by Herriott (1) and on trypsin by Northrop (2) who applied 
this property to the purification of the latterenzyme. The relation of such 
behavior to protein denaturation is evident from the studies of Anson and 
Mirsky (3) on hemoglobin and the most general opinion today is that the 
return of activity observed upon cooling heated enzyme solutions is due 
to a reversion of the denatured enzyme protein to its native state. Nu- 
merous less spectacular examples of such reversion may be cited. Prob- 
ably the oldest and most extensive series of these deals with peroxidase. 

Peroxidase is today frequently used in industry as a test substance to 
determine whether or not vegetables have been heated sufficiently in 
blanching before dehydration. Since dehydration is a matter of time, it 
has been suggested (4) that reversion of the denatured enzyme might take 
place and so produce positive tests in material that would have been nega- 
tive if tested immediately. More information on the behavior of peroxi- 
dase thus appears to be desirable. 

The first recorded observation of the regeneration of peroxidase appears 
to be that of Woods (5) who in 1901 observed that the peroxidase of tobacco 
leaves reappeared some time after inactivation by heating. Observations 
by Kulpsohn (6) on radishes (1908), by Deleano (7) on castor bean seed- 
lings (1909), by Gramenitski (8) on an impure diastase preparation (1910), 
and by Biedermann and Jernakoff (9) on potato extracts led to similar 
findings. In 1924 Gallagher (10) found that preparations of mangold 
peroxidase gave tests for aldehyde and iron and showed that some alde- 
hydes in the presence of iron gave rise to peroxidase-like activity. Accord- 


* Enzyme Research Laboratory Contribution No. 93. This research was sup- 
ported in part by Bankhead-Jones funds. Part of the report is from a thesis sub- 
mitted to Georgetown University by Sigmund Schwimmer in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy. 
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ing to Gallagher, heating peroxidase produces a zymogen that contains 
aldehyde groups, and the regenerated enzyme is produced by the “catalytic 
action of iron.” 

Bach and Oparin (11) found that peroxidase reg-neration did not occur 
in the absence of oxygen and confirmed the necessity for the presence of an 
iron compound. The iron-containing pigment which they concentrated 
was capable of initiating regeneration in a heat-inactivated solution of the 
enzyme. In the light of later findings by Kuhn et al. (12) on the constitu- 
tion of peroxidase, it is likely that this “breathing pigment’’ was hematin. 
Kulikow and Babkowa (13) have suggested that regeneration is due to the 
elution of an adsorbed (and thereby heat-resistant) enzyme from the col- 
loidal matter present. Pronin (14) and Bach and Wilensky (15) found 
the pH optimum for regeneration at neutrality. The latter workers used 
a highly purified enzyme prepared by ultrafiltration. 

Older studies on enzyme action usually assume that only one enzyme 
is responsible for the generic reaction (peptide hydrolysis, oxygen libera- 
tion, etc.) under observation. Eventually a multiplicity of specifically 
acting enzymes is found, each circumscribed in its action to a limited 
number of substrates capable of undergoing the generic reaction. Recently 
two distinct peroxidases have been isolated by Theorell (16) from horse- 
radish. Each enzyme was shown to consist of hematin groups attached 
to a specific protein. Gjessing and Sumner (17) have enlarged this work 
and have recently (18) described some of the divergent properties of milk- 
weed and horseradish peroxidases. 

The present paper compares the activity of peroxidase in plant juices 
from several sources by two well known methods. It was found that 
enzyme preparations from various sources differ greatly in the ratio of 
power to oxidize pyrogallol and to oxidize iodide. This ratio, although 
altered by purification, appears to be characteristic of the crude enzyme 
from a given source. It is not greatly changed when the activity of a 
heated preparation returns after cooling. During such heating a precipi- 
tate occurs in the system and may be centrifuged out. The precipitate 
remains inactive after cooling unless the supernatant liquid is again mixed 
with it; thereafter regeneration of the enzyme occurs in the mixture, often 
up to 35 per cent of the original activity. When the precipitate from cab- 
bage juice is mixed with the supernatant from turnip Juice, or vice versa, 
it is evident that the precipitate and not the liquid portion carries with it 
the characteristic that determines the ratio in question. These facts fit 
the theory that peroxidase is broken down by heat into an insoluble protein 
portion characteristic of the specificity and a soluble non-specific group. 
On cooling, these recombine to form peroxidase. The similarity of per 
oxidase proteins is obviously greater in behavior towards heat than in 
enzyme specificity. 
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EXPERIMENTAL 


Preparation of Vegetable Juice—The vegetable was ground several times 
in a meat grinder, and the juice was squeezed out through cheese-cloth. 
1 gm. of a purified diatomaceous filter aid was added for each 100 ml. of 
juice and the suspension was filtered after 10 minutes through a Buchner 
funnel containing a layer of filter aid. From both turnips and cabbage 
a clear yellow liquid was obtained which proved to be stable under toluene 
for 2 months at 6°. 

Technique for Regeneration—A 2 ml. sample of clarified juice of known 
activity was pipetted into each of six test-tubes (15 XK 150 mm.). The 
tubes were then placed in a water bath at the temperature and for the time 
desired. Thereafter they were put into an ice-salt mixture, and stirred 
vigorously. The contents of two such tubes were assayed at once; others, 
together with unheated controls, were kept at the regeneration temperature 
or otherwise treated according to the conditions of the experiment. The 
results are given as per cent of the original activity found after the treat- 
ment in question. 

Determination of Peroxidase. Delayed Oxidation of Hydrogen Iodide— 
This method is a modification of the one introduced by Jayle (19) and 
adapted for field use by Davis (20). When peroxidase is placed in a buf- 
fered solution containing an excess of hydrogen iodide, starch, hydrogen 
peroxide, and a limited amount of some strong reducing agent (thiosulfate, 
ascorbic acid, ferrocyanide, etc.), a blue color (“flash reaction”’) will occur 
after an interval that depends upon the concentration of the peroxidase. 

In the present experiments a dose of enzyme, always diluted to 9 ml., 
was added to 40 ml. of reaction mixture in a thermostat at 25°. The molar 
concentrations of the constituents of the reaction mixture were as follows: 
acetate buffer (pH 4.7) 0.02, Na»S,O; 0.001, KI 0.027. The concentration 
of boiled soluble starch in the mixture was 0.1 per cent. After addition of 
the enzyme solution 1 ml. of 0.9 per cent hydrogen peroxide solution was 
added to the mixture and the time required for the appearance of the blue 
color was measured. 

1 unit of peroxidase activity’ has been taken to be the amount of enzyme 
that will cause the liberation of I, (and therefore the appearance of the blue 
color) in 1 minute under the stated conditions. 

Pyrogallol-Oxidizing Activity—The method of Balls and Hale (21) was 


‘For purposes of making a ratio of the activity shown by this method to that 
measured by the oxidation of pyrogallol, it is necessary to express the results in units. 
Such units need only be numbers that are directly proportional to the quantity of 
enzyme, as determined under the conditions employed. The simpler the derivation 
of such numbers the better they are for this purpose. It is not claimed that they will 
be found generally applicable. 
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used. For convenience 1 unit has been defined as the amount of enzyme 
that will oxidize, within 1 minute under specified conditions of reaction, 
a quantity of pyrogallol (contained in 25 ml. of reaction mixture) equivalent 
to a decrease in titration of 1 ml. of 0.01 N thiosulfate. 


Results 


Effect of Time and Temperature of Heating—Table I shows the values 
for peroxidase (iodide method) found in the samples of turnip juice heated 
at different temperatures and for various periods, then allowed to stand 
at 25° or at 6° to regenerate the enzyme. Inactivation was of course more 


TABLE I 


Regeneration of Turnip Peroxidase 





Per cent of original activity 


a... ¥ Time of heating Ga Qe After 20 hrs. incubation at 
heating 25° 6° 
“A min. 
0.0 100 100 
70 | 4 61 79 71 
8 55 70 63 
12 42 55 5 
60 pA 30 27 
80 2 45 71 57 
4 35 49 40 
8 30 39 36 
90 1.0 37 60 
3.0 8 22 12 
100 0.5 32 74 5 
1.0 12 44 
1.5 30 15 





rapid when the enzyme was heated at the higher temperatures, but enzyme 
inactivated by brief exposure at a high temperature reverted more com- 
pletely to the active form on cooling than did enzyme inactivated to the 
same extent by a longer exposure at a lower temperature. This effect was 
illustrated further in an experiment in which 0.2 ml. of the juice was heated 
to 105° for 30 seconds. Immediately thereafter only 10 per cent of the 
original activity remained. This increased to 65 per cent during storage 
at 26° for 20 hours. In this case the speed of inactivation was the highest 
and the extent of regeneration the greatest observed in this series of tests. 

From the data of Table I it appears that the shorter the time of exposure 
to heat has been, the greater is the portion of enzyme subsequently re 
generated. The rate of destruction of the inactive enzyme by heat is pre 
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sumably slower than that of the active enzyme. It is evident that when 
the permanent inactivation of peroxidase is desired it is not sufficient to 
heat the material merely until an immediate test on the product is negative, 
for a negative test, especially when obtained after brief heating at a rela- 
tively high temperature, may be followed after cooling by the reappearance 
of the enzyme. 

Effect of Time and Temperature of Regeneration—In the same series of 
experiments (Table I), it may be seen that regeneration is not as complete 
at 6° as at 25°. Fig. 1 shows further that the regeneration is a time reac- 
tion, completed under the conditions of the experiment in about 4 hours. 


iv) 
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Fig. 1. Regeneration of heat-inactivated peroxidase 


The results obtained at the lower temperature of regeneration, indicating 
that either equilibrium between native and denatured protein has not been 
reached or that the equilibrium is shifted away from regeneration of peroxi- 
dase, cannot be interpreted merely as a reversal of denaturation, for lower- 
ing of the temperature should shift the equilibrium towards regeneration. 

Behavior of Juice on Heating—A slight precipitate which could be re- 
moved by centrifuging was seen to form when either cabbage or turnip 
juice was heated. Regeneration of the enzyme did not occur in the absence 
of this precipitate (Table II). When the system was cooled, the precipitate 
did not entirely dissolve, but all the regenerated activity was found in the 
supernatant. Regeneration of enzyme did not occur if fresh unheated 
juice was used instead of the supernatant fraction of the heated juice. Nor 
did it occur to any marked extent if a precipitate prepared by brief heating 
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was mixed with a supernatant fraction prepared by longer heating. Fur- 
thermore, regeneration did not occur if the precipitate and supernatant 
were kept separate for about 5 hours and then recombined. 

Ratio of Hydrogen Iodide to Pyrogallol-Oxidizing Activity—By the modified 
Jayle method and the Balls-Hale method used here two different types of 
peroxidase activity are measured, most probably two different enzymes, 
because the ratio of these activities may be varied by precipitation of the 
enzymes from the original juice with ammonium sulfate, but not by merely 
heating and cooling. The ratio of these two activities varies also with the 
source of the enzyme. For example, barley extracts are relatively rich in 


TaBLe II 
Regeneration of Peroxidase Requires Both Precipitate and Supernatant 
2 ml. samples heated for 1 minute at 100°; incubated at 26° for 20 hours; analysis 


by iodide method 


Per cent of origina! activity 


Treatment 


a... oi ae. +8 Difference 
Whole turnip juice 13 51 38 
Ppt. alone 3 
Supernatant alone 12.5 12.5 0 
wy removed after incubation) 49 
Ppt. incubated with wtnheates juice 103 102 —] 
(prepared as usual) incubated with supernatant 
prepared from juice heated 3 min 7 15 8 
Ppt. (prepared as usual) incubated with supernatant 
prepared from juice heated 5 min. 4 12 8 
Ppt. and supernatant incubated separately for 5 hrs., 
recombined, and then incubated for another 20 hrs... 13 18 5 


the pyrogallol-oxidizing factor, whereas cabbage juice is rich in what 
oxidizes hydrogen iodide. Turnip juice is midway between (Table III). 
These ratios thus furnish a way of distinguishing certain peroxidase prepa- 
rations from one another. 

It was found that turnip juice after being heated, and later allowed to 
stand at a lower temperature, gave a value of 1.13 for the ratio of pyrogallol- 
oxidizing factor to the other in the regenerated enzyme mixture (Table IV). 
Similarly, cabbage juice gave a value of 0.75. When turnip juice was cen- 
trifuged immediately after heating, and the precipitate was combined with 
the supernatant from similarly heated and centrifuged cabbage juice, the 
ratio between the two oxidizing factors approximated that in the original 
turnip juice. Cabbage precipitate and turnip supernatant, on the other 
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hand, regenerated an enzyme containing these factors in a ratio approxi- 
mated by that in cabbage juice. 





TaB.Le III 
Ratio of Pyrogallol and Iodide Units Varies for Different Material 
_ Ratio, 
Plant Preparation units of pyrogallol 


units of iodide 





Cabbage Undiluted clarified juice 0.50 





Horseradish Crude protein fraction 0.81 
~ Partly purified proteins 1.2 

Turnip Undiluted clarified juice 1.1 

Wheat Water extract of whole wheat 2.2 
Barley - r 7 ‘* grain 2.6 

“a Proteins from water extract 3.2 
Taste IV 
Effect of Interchanging Precipitate and Supernatant Liquid from Cabbage and Turnip 
Juice 


The activity of iodide and pyrogallol is expressed in units per ml. 





Activity, | Activity — 
Sample Treatment "folie , lol eR Fee 
iodide | pyrogallo units of iodide 





Cabbage juice Before heating 2.14 1.25 0.58 
After Hs 0.23 0.23 1.00 
incubation 0.97 0.79 0.81 
Activity regenerated 0.74 0.56 0.75 
Turnip . Before heating 2.20 2.34 1.06 
After sie 0.30 0.24 0.80 
incubation 1.08 1.08 1.00 
Activity regenerated 0.78 0.84 1.13 
ppt. + cabbage) Before incubation 0.23 0.26 1.12 
supernatant After 4 0.85 0.96 1.12 
Activity regenerated 0.62 0.70 1.13 
Turnip supernatant + Before incubation 0.30 0.24 0.80 
cabbage ppt. After - 0.75 0.56 0.75 
Activity regenerated 0.45 0.32 0.71 

DISCUSSION 


It is evident that both the precipitate formed on heating and the liquid 
supernatant thereto contain factors essential for the reappearance of 
peroxidase. The precipitate, however, carries with it the specific char- 
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acteristics of the enzyme that relate to the oxidation of pyrogallol or hydro- 
gen iodide. 

The common concept of peroxidase as a conjugated protein containing 
a porphyrin group offers an adequate basis for explaining the foregoing 
observations. The simplest assumption appears to be that three general 
changes (probably related, however) occur when peroxidase is heated; 
namely, denaturation of the enzyme protein, separation of the prosthetic 
group therefrom, and precipitation of the protein. Denaturation is a 
logical assumption in view of Anson’s finding (22) that in the case of pro- 
teins of the hemoglobin type, in which the prosthetic group is firmly bound, 
this group can probably be separated only when the protein is denatured. 
Precipitation of the enzyme protein is an observed fact, though it may be 
due to inherent insolubility, or to adsorption on other proteins precipitated 
by heat. As no peroxidase whatever reappears in the supernatant frac- 
tion, it may be concluded that precipitation of the insoluble factor is prac- 
tically complete. 

The explanation of reactivation of the enzyme must take into account 
a reversal of all three changes, and there is thus no reason to suppose that 
the reappearance of the enzyme is dependent merely on the rate of reversion 


of the protein.’ 
SUMMARY 

The regeneration of peroxidase as a function of time and temperature 
was studied. It was found that regeneration is largely a function of the 
heating rate, has a positive temperature coefficient, and is a time reaction. 
Factors that are essential for regeneration exist in both the precipitate 
formed upon heating and in the supernatant therefrom. 

Evidence is given to show that vegetables contain more than one 
peroxidase. The different peroxidases vary in their activities towards iodide 
and pyrogallol. An untreated vegetable juice may be characterized by 
the determination of these activities. The precipitate formed when the 
juice is heated carries these characteristic properties with it. 

Reappearance of the enzyme after heat treatment involves resolution of 
an insoluble component, recombination with a soluble group, and reversion 
of enzyme protein to its native state. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 


LXVI. CONCERNING THE STRUCTURE OF TUBERCULOSTEARIC ACID* 
By SIDNEY F. VELICK 


(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, April 13, 1944) 


Tuberculostearic acid is the lowest member of the series of branched 
chain fatty acids isolated by Anderson and coworkers from the lipids of the 
tubercle bacillus (1). Its probable structure, 10-methylstearic acid, was 
advanced by Spielman on the basis of degradation studies and also from 
comparison of the purified acid with synthetic dl-10-methylstearic acid 
(2). The natural and synthetic acids were shown to yield apparently 
identical crystalline derivatives but the melting points of the free acids were 
10° apart. This discrepancy was attributed to the fact that tuberculo- 
stearic acid, in view of its biological origin, was probably optically active. 
Although no optical activity could be observed, evidence was cited which 
indicated that the specific rotation of a structure of this type might be 
sufficiently low to escape detection. 

In the present communication the results of an x-ray diffraction study 
of the amides of tuberculostearic acid and dl-10-methylstearic acid are 
presented. X-ray methods have proved of particular value in the study 
of the higher straight chain fatty acids from natural sources (3). There 
was reason for believing that if, as suggested, tuberculostearic acid were 
optically active its_x-ray diffraction pattern would show certain slight 
differences from that of the racemic mixture. The alternative explanation 
for the difference in the melting points of the synthetic acid and the natural 
product was that tuberculostearic acid might contain a small amount of 
isomeric impurity (such as 9-methylstearic acid). This eventuality would 
likewise be expected to produce an observable effect on the x-ray diffraction 
pattern. Authentic samples of the di-10-methylstearic acid and tuberculo- 
stearic acid were made available by Professor Anderson. 

Powder photographs of tuberculostearic acid (m.p. 10°) taken at low 
temperatures by Spiegel-Adolf and Henny contained lines which could 
not be indexed (4) but which avpear to correspond to lateral spacing of an 
extended chain. For the present experiments the higher melting amides 
were selected for study. These were prepared according to Spielman’s 
procedure (2) and were obtained in the form of thin leaflets. The method 


* The present report is part of a cooperative investigation on tuberculosis; it has 
been supported partly by funds provided by the Research Committee of the National 
Tuberculosis Association. 
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of obtaining the diffraction photographs has been generally employed on 
the simpler long chain compounds. Thin aggregates of the leaflets were 
oriented by gentle pressure on 10 mm. glass cover-slips. X-ray reflections 
were obtained from the crystal planes parallel to the oriented surface by 
oscillation at small grazing angles in a beam of nickel-filtered copper 
radiation. A cylindrical camera of 51.2 mm. radius and a 100 mm. flat 
‘amera were employed. They were checked by diffraction measurements 
of crystals of known structure. The cylindrical films were measured under 
magnification with a vernier device and the spacings calculated from 
the Bragg equation nA = 2d sin 6. The relative intensities were esti- 
mated by visual comparison. 

Both substances gave a series of sharp 00/ reflections. Under the ex- 
perimental conditions the presence of homologous impurities in crystals of 
long chain compounds causes the higher order 00/ reflections to vanish (3), 
The lattice defects resulting from isomeric impurities would be expected 
to have the same effect. In view of the large number of reflection orders 
observed it is unlikely that tuberculostearamide contains any appreciable 
amount of homologous or positional isomeric impurity. 

The (001) spacing of di-10-methylstearamide was 39.1 A and that of 
tuberculostearamide 37.8 A. This difference persisted in samples recrystal- 
lized from dilute methanol and in preparations crystallized by slow cooling 
of the melt. It therefore could not be due to an accidental choice of dif- 
ferent polymorphic modifications. The order of magnitude of the spacings 
indicates that the molecules crystallize in double layers in which the 
molecules are inclined toward the (001) planes. The difference in the 
spacings is equivalent to a 5° to 7° difference in the angle of inclination. 

A slight but definite difference was likewise observed in the intensity 
distributions which are shown diagramatically in Fig.1,a and b. It should 
be observed that the intensity relationships of the lower orders are identical 
in the two diagrams but that a slight difference becomes apparent in the 
sixth and seventh orders. The tenth and fourteenth orders are moderately 
strong in both diagrams and the twelth, fifteenth, and sixteenth orders weak. 
Differences are observable in the ninth, thirteenth, and seventeenth orders. 

The intensities of the 00/ reflections from crystals of this type are given 


by the expression 


sin 20 


. 1 + cos? 20 2 
Iw: = K . b fn COS 2s | 


where f, is the scattering factor of the nth atom, z, is its coordinate, lis 
the order of reflection, and © is the Bragg angle. The contribution of each 
atom to the intensity of the diffracted beam is, given by a term (f, cos 
2riz,). In the lower orders this function is relatively insensitive to smal] 
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changes in z,. This means that the intensities of the lower order reflections 
are determined chiefly by the broader features of the molecular and crystal 
structure such as the general position of the branch but not its exact level. 
As the order / increases, the cosine function becomes increasingly sensitive 
to small changes in z,. Accordingly the higher orders are influenced by 
slight coordinate shifts such as might exist between the optically active 
isomer and the di mixture. 

The agreement of the lower order intensities indicates that the side chains 
in tuberculostearamide and in dl-10-methylstearamide occupy the same 
general position. That a slight difference in average position exists is 
indicated by the discrepancies in the intensities of the higher orders. Since 
it has been shown to be unlikely that appreciable amounts of isomeric 
impurity are present, the difference must be due as previously suggested 
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Fic. 1. Diagram of intensity distribution of 001 reflections: (a) dl-10-methylsteara- 
mide, (6) tuberculostearamide, (c) calculated for 10-methylstearamide. 


to the optical activity of the natural product. The physical basis of the 
coordinate shift must be sought in the fact that the branch in the optically 
active compound projects from one side only of an asymmetric tilted chain, 
whereas in the racemic mixture it projects from either side. The resulting 
effect upon the packing of the molecules in the crystal is revealed by the 
differences in the long spacing. 

The actual numerical evaluation of the intensity equation is of particular 
importance in locating the position of branches in unknown structures. 
It has been applied with some success to the simpler case of the normal 
primary alcohols by Wilson and Ott (5). To determine its applicability 
and limitations in the case of the fatty acids calculations were made for 
stearic acid and for 10-methylstearamide. The problem was to find by 
trial a set of coordinates consistent with the molecular and crystal structure, 
which when substituted in the intensity equation give an intensity distribu- 
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tion similar to the one obtained experimentally. The procedure followed 
was similar to that employed by Wilson and Ott (5). 

2 molecules in adjacent layers are shown in general position in Fig. 2, A, 
The coordinates z, are the projections of the atomic centers upon a line 
normal to the (001) planes, one of these planes being taken as origin. It 
can be seen that the coordinates are functions of the degree of rotation of 
the tilted zigzag chain about its long axis and also of the distances separating 
adjacent layers of molecules. The coordinates found by trial to give an 


approximately correct relative intensity distribution are included in the - 


& \e 
S 
fe 

O 


o-oo 


-+-+-+++... 4.6 4 4.6 «-- 


(OO} 


Fic. 2. (A) tilted molecules (shortened) in general position showing general 
relation of molecules in the double layer and the projection of the atomic centers. 
The shaded circles are axygen atoms. (B) a carbon chain tilted at the same angle 
as in (A) but rotated about its axis, showing altered projection of atomic centers 
and the projection of a methy! side chain (broken line). (C)acarbon chain rotated 
in the second extreme position, showing evenly spaced projections of the carbon 
atoms. Two possible projections of a methyl branch, corresponding to d and l 


isomers, are shown. 


following working form of the intensity equation. They are expressed as 
fractions of the (001) spacing. 


Say en ie 2° [9(cos 2x! 0.0261) + 8{cos 2xl 0.0522 

+ cos 2xl 0.0783 + cos 2xl 0.1044 + cos 2x/ 0.1305 + cos 2x/ 0.1566 
+ cos 2xl 0.1827 + cos 2rl 0.2088 + cos 2xl 0.2349 + cos 2i 0.2610 
+ cos 2xl 0.2871 + cos 2l 0.3132 + cos 2xl 0.3393 + cos 2x1 0.3654 
+ cos 2xl 0.3915 + cos 2xl 0.4176 + cos 2x1 0.4437} 


+ 14(cos 2x1 0.4698) + 9(cos 2xl 0.4911)}* 


The calculated and observed intensities are shown diagramatically in Fig. 3. 
Aside from small quantitative differences the agreement of the patterns 
is good through the eighteenth order. It should be noted that this sim- 
plified treatment does not account for the fact that for close packing 
alternate molecules may be rotated in opposite directions. Similarly the 
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| carboxyl groups, which may be rotated independently of the rest of the 
chain, may have a slightly different orientation from that indicated. 

A. The above coordinates must therefore be considered to represent average 
line positions of atomic layers. 

It When an additional term (9 cos 271 0.2349) corresponding to a secondary 
of methyl group at the level of the 10th carbon atom is introduced into the 
summation, a new intensity distribution is obtained. The new distribu- 
tion is shown in Fig. 1,c. There is seen to be a qualitative agreement with 
the 00/ intensity distribution of tuberculostearamide through the tenth 
order. The agreement is sufficient to show that the arrangement of the 
molecules in the tuberculostearamide crystal is very similar to the arrange- 
ment in the stearic acid crystal, and provides independent proof of struc- 
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a1 Fic. 3. Relative intensities of the 001 reflections from stearic acid crystals: (a) 
calculated, (b) observed. 


Because of the number of variables and the approximate nature of the 
calculations and intensity measurements a further refinement of the 
coordinates to account quantitatively for the differences between tuber- 
culostearamide and dl-10-methylstearamide did not seem warranted. The 
possibility of applying a similar treatment to other isomeric methylstearic 
acids will be discussed in a subsequent report. 


SUMMARY 


1. The (001) crystal spacing of tuberculostearamide is 37.8 A and of dl- 
10-methylstearamide 39.1 A. 

2. The intensity distributions of the 00/ reflections of the two compounds 
3. show differences in the higher orders. 
3. The observed differences are consistent with the hypothesis that 
m- tuberculostearic acid, although showing no detectable optical rotation, 
ng is optically active. 
he 4. Calculation of the 00/ intensities from model structures indicates that 
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stearic acid and tuberculostearamide molecules have similar orientations 
in the crystal. 

5. The results support the structure d- or /-10-methylstearic acid pro- 
posed for tuberculostearic acid. 


Much of the x-ray equipment used in the present work was made avail- 
able through the generosity of Dr. George Switzer of the Department of 
Geology and Dr. Charlton Cooksey of the Department of Physics of 
Yale University. 
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LETTERS TO THE EDITORS 





THE ACTION OF 8-AMYLASE ON CORN GLYCOGEN* 


Sirs: 


In the original work! on corn glycogen, one of the criteria used for its 
identification was the rate of its destruction by malt amylase. No de- 
termination was made of the extent of this destruction when it was allowed 
to go as far as possible. Meyer and Press? have reported that by long 
continued action of 8-amylase glycogen is about 45 per cent broken down, 
whereas starches are more strongly attacked, the destruction being 60 to 
70 per cent for whole starches and 100 per cent for 8-amylose. 

In the light of this work, the extent of enzymatic destruction of corn 
glycogen’ is being studied. The enzyme used is 6-amylase prepared from 
wheat by the method of Ballou and Luck.‘ Under conditions similar to 
those of Meyer, corn glycogen was only about 20 per cent destroyed, where- 
as in the same experiments the destruction of rabbit liver glycogen was 45 
per cent, and of potato and corn-starches 62 and 70 per cent respectively. 

These results, interpreted in terms of Meyer’s theories, imply that the 
corn glycogen has a more highly branched structure than has animal 
glycogen. Thus a series might be set up, of increasingly branched struc- 
ture, 8-amylose (with no branching), then amylopectin, animal glycogen, 
and corn glycogen. 


The Putney School DanieEL Luzon Morris 
Putney 
Vermont 
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* This work was aided by a grant from Mead Johnson and Company. 

1 Morris, D. L., and Morris, C. T., J. Biol. Chem., 180, 535 (1939). 

* Meyer, K. H., and Press, J., Helv. chim. acta, 24, 58 (1941). 

*The name ‘‘phytoglycogen”’ suggested by Sumner and Somers (Sumner, J. B., 
and Somers, G. F., Arch. Biochem., 4, 7 (1944)) seems uncessary. It is not yet clear 
that corn glycogen differs from liver glycogen, let us say, any more than the latter 
does from oyster or yeast glycogen. 

‘ Ballou, G. A., and Luck, J. M., J. Biol. Chem., 139, 233 (1941). 
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A PROTEOLYTIC INHIBITING SUBSTANCE IN THE EXTRACT 
FROM UNHEATED SOY BEAN MEAL 


Sirs: 


In studies upon the utilization of unheated soy beans by the chick, ex- 
tracts made with dilute acid at pH 4.2 (the isoelectric point of most soy 
bean proteins') were found to contain a substance which greatly retarded 
the activity of trypsin in vitro. 

These extracts could be quite largely deproteinized by precipitation by 
kaolin without loss of activity of the proteolytic inhibitor. The substance 
could be further purified by precipitation of the supernatant liquid from 
the kaolin-treated extract with 60 per cent acetone and reextraction of this 
precipitate with water. Most of the proteolytic inhibition was destroyed, 
however, by precipitation of the kaolin-treated extract with 60 per cent 
ethyl aleohol. Likewise no inhibiting activity was found in the extracts 
from raw soy bean flake previously soaked in 45 per cent alcohol. 


0.05 N. NAOH 





° 1 2 3 a 5 6 7 8 
HOURS DIGESTION 
Fic. 1. Effect of treated extracts of uncooked soy bean meal upon tryptic diges- 
tion. Curve A, untreated dilute acid (pH 4.2) extract; Curve B, kaolin-treated 
dilute acid extract; Curve C, extract from acetone precipitate of dilute acid extract; 
Curve D, dialyzed, kaolin-treated dilute acid extract; Curve E, autoclaved dilute 
acid extract (not deproteinized) ; Curve F, no extract. 


When 5 ml. of the dilute acid (pH 4.2) extract from uncooked soy beans 
or of the water extract of the acetone precipitate from the extract were 
added to a digestion mixture consisting of 50 ml. of 5 per cent soluble casein 
and 0.12 gm. of Armour’s trypsin (1:50), the proteolytic action over an 8 
hour period was inhibited, as shown in Fig. 1. The digestions were carried 


1 Circle, 8S. J., Thesis, University of Chicage (1941). 
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out at pH 8.0 and 37°. The hydrolysis was followed by means of the 


formol titration. 

Activity of the proteolytic inhibitor was lost upon dialysis of the extracts 
and was destroyed by autoclaving either the soy bean meal or the extracts, 

Evidence thus far indicates that the inhibitor secured by the precipita- 
tion with acetone and reextraction with water is quite unstable under or- 
dinary conditions. 

Previous work at the Nebraska Experiment Station, soon to be published, 
has shown that a factor causing growth retardation in chicks can be ex- 
tracted from unheated soy beans with dilute acid (pH 4.2), leaving a residue 
which compares favorably in nutritive value with heated or autoclaved 
beans. The similarity in properties of the growth-retarding factor and the 
proteolytic inhibitor indicates that the two may be identical. Conclusive 
proof, however, has not been obtained with feeding trials, owing probably 
to the instability of the partially purified inhibitor used in the tests. 
Wenvect E. Ham 


Depariment of Agricultural Chemistry 
R. M. SANDSTEDT 


Nebraska Agricultural Experiment Station 
Lincoln 
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